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^ Water epidemics and with sand filtration 
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-1 suggestions. Several alterations in the 
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xjup to date, and to correct a few errors 
►t into the first edition. Chapter I. has 
entirely re-written. 
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Thm pnriij of %vator nupplioH Iuib ahvayn hooii a 
Kubjo(!t of irnportaiiaa, aial (jvory ymv ii rc?r('ivo i iiaa^o 
and more att(?ntion, N^i only in liondcni whom tlio 
proHont public nupply ban boon nu'onily diino.iiH iod by 
a R{»yal (/onimi.sHion and by variaun cdJior IkhIioh 
but uIhd in Hctvoral prrndiu’ial townn, fhu doHirnliiliiy 
of a public! Bupply cd ^n*atcu' purity and lar|uir 
(pianlily m now iindctr conHidoriifion ; wliili^ in Uif! 
rural dintriclH ouibnitkH (if diHc»u,so have now bo fro* 
cpiontly lioon tracoci dirocdly in pollulod woIIh, tbai 
it can aafoly bo naid that at the proocuii iitun tho 
quostion at univerHal puro drinkiri,*^ %vator in ono of 
primary imiiortanoo to all edannoH fd tho oonnuunify. 
The (dosing of pollulod 'WolI.4j and docnaicuiH on now 
HU]>pIiciH, are now, Itowovca*, in Uu! handr^ of flio lyuii'ra! 
publif, whOj and liioir cd<'c*lod n‘pn‘Hontaiivo'u thii.’i 
noiai to lioc'onio uc'quainlod with ibo n-Hnlin of Ifio 
prooroHH iiiadf^ duriin^ tla^ Uv4. fow yoan'H in biirr* 
hudoh^l^y and knowlodoi* cd tho c'aUHatioii of di^soa .iu 
To all who iirit inioro-d,od in the iiuhjool of Wiih-r 
Hupply thin li^iok in nioani to appeal, and it in liopoii 
that hy ii.H jatriiHal aoino in-ight into tho iiii'l..iio?!fi 
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Vklil'ACE. 


ot n*B«*rin*li luul l!ii* will 

bo alfaiiHul. 

lloporlH c)f ro^ullH of iiiia!j;4:-^ nri^ foo 

often niganlori an b«a’n^ (4 tr*o trriiiii«*iil ii niiturn 

to b(.i pniotioallv iif'-ofni ; oii tlio 

Hiu’h rc‘jHaiH hlnaibl at b-aht In i!in r«-ii*ba* 

in wiiai dircelion uJtrraliMiiH, if iii l!io 

pros(*ni ooiidiiioiiH of hiij'^]dy aljoiild piword. 

With tluH olijort in viow, f liavo |■ildoln''«il|rl•'d |o 
iiududa in lint Hcopo of tin? book fln^ ition* rortiil 
coiKdiiHioim wbiidi liavi! bi'on arrivoil nt by workii'N 
in dillbrcait bmnc’boH of tin* htibji'ii, mid tiiivn iih 
far an poHniblo rofrainod frean liolnilH.. Wlislhl il in 
noeoHBiiry Unti tlio roBiiltn of a tdiiiiiif*iil ttr iairljidto 
logical analyHin of a aaiaplo of uiilrr hlamld bo 
intidligiblci b) a inaoia’ofoH.t^ional rfi'obi% it nri^d 
hardly Im poinlod out Ibnl it in iiopoHBilili* ft»r iiny 
but tlioHo wlio biivo la'Oii lridiis*il in iiiolliodH 
of analyHiB to arrivo iii roBuIia wldrli nro woriliy 
of eoiifuleniaa Tiun litllo tiriok will liiivn firdiif’Vi't! 
an iiii|i0rljiiil roHitll, if it ti’iida to iiiabo iiioro nfiif^riilly 
known tliii fact bow %‘iiluolofiM— nmb loto-rovrt, liom- 
dangeroua-di in to roly lipon womllr^d roiiylMiriil- 
ready tcmtH for fcaainiig an o|iinioii ti|ioii iJio |iiirily 
of a doiiblfiil \vatoi% 

In propariiig tho %ajlmuo, I liavo liad Ibo iidviiiitnifo 
of Eovcfiiil important BiiggoHlioiw from iiiy frii!iif| Mr. 
Henry LaW| If.InHf ilE*, who hIbo wiia gniiil iiiiiiiigb let 
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d tlie proof-sheets as they were passing through 
X^x'ess. Mythanks 'are also due to my assistant 
• C. G. Stewart, A.E.C.S.I., for his valuable help, 
^ to those publishers, manufacturers, and others, 
^ liave kindly lent blocks for illustration. 
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WATER PURIFICATION 


('HAPTMH I. 

CHARACTERS OF NATFRAL WATERS. 

Tiik word “ as upidif'd to wiitor for lumiiui 

uso, boai'H a iiHianiiif' difTorciit from Iho utricT scientific 
sense. Gliemically pun; water is only to ho obtained 
by laboratory proccssoH and with groat dillicully, and 
as it dissolves and ab.-orbs a varying quantity of most 
matters with whi<di it conies in contact, its preHorva- 
tion in the pure state pro.sonlH an equal iliirunilty. 
For drinking, cleansing, and manufacturing purpuHOH 
it is not necessary, nor is it always arlvi.-iulile, Hint it 
should bo pure to this extent; it is sulhcient that it 
should bo as far as pos.siblo devoid of matters pri- 
jvulicial to health or to commm’ciul objoclH, Kiich 
water has in most inhabited countries boon plentifully 
furnished by nature, and the first care must bo to 
select the best, mo.st constant, and cojiious of the 
supplies by studying the character of the substancea 
that aro usually found naturally admixed in nmre or 
less quantity with all waters; secondly, to securo that 
w.i>. 
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IV A TKR PURI Fir A TIUN. 


a p[oo(l water Hliall Im to ilia ca>itHuiiic*r 

without any (linnntdion of itn purify. 

The phyniral or nri^anfilapth". ehiiraofi»rH of a 
waUu’ are hy no nutans a as in its wholr^ 

BoinencmH. IiriohliiosH may he «liut to a liltratifiit 
Ihrou^^h porous soil whirli is ijuilo imuhquate fo 
remove (lan^c*!% a sparkUie' quality to tlissolved ^ases 
produced hy ch*eompoHition of organic nintt(U% and a 
pupiant taste to nitrates and chlorides of aiiimal 
origin. Yet water from sliallow wells in Iowuh has 
fresiuenily lasm prefti’red hy residents to a purer 
puhlie HUjiply, and cmisiderahh* cippcmilion has often 
lieen encountered to llu* closing of smdi sonrces. The 
London ih'oad Htreet ptnnp is a noiahle irislance. 
During thc! cdiolera outhrt/ak in IHr#L this infecdeci 
Bource, liright and sparkling us it was, carrii'd ihi* 
disciiHCf to over cam lumdred eaHCs, while. olhf!rH in tlie 
locality who made ust* of a ddTereitt snjqily \vfu*e not 
atta<?ked. Moreover, a la ly wlm foriiuudy in the 
disirici, througli iireferfuiec* for the hriiliant cliiiracler 
of the water, had it eonveyt-^d in hottlim to her lioitse 
at Hampstead for her own coiisiini|ilion, iiikI ntt 
iHolated outhreak occurred in her esliililisliriieiii with 
fatal roBuliH. Favourite drinking wiitfcrs cif this kind 
have often been diret^ily triu'ed t<» siiriiigs ririgiiiiitiiig 
from gravctyarclH. .Both hy cheniieid iirul hiolngii'nl 
examination, and hy thi? results in spreading di«eii«i% 
the most seriouH pollitiion hy decujing niiiiiml ninttcirs 
has fraqiieritly been cbmonsiraksL Oii the ntlier 


CHARACTHRS OF NATURAL IVATFRS. 
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hand, flat, inniphl, and ovcai (dotidy walara hava 
caused no injury in uho, their faults having been 
due to causes whicdi had no hyijjicaiic. iiujMirtance. 
Physical characters, howe‘Ver, are of great value in 
conjunction with the subHcujueni analytical resuItH, 
It is difficult to make llicin c*xiictly comparable, and 
much work has been directed to eHtahiishiug Hlandiirds 
and degrees of colour, transpanmey, odemr, and taste. 

TltANSI‘AItHK<?Y 

involves freedom from susp.ualed parti(d(c4, and in 
a less degree ahscuuai of cohair. dim dilT<*renco 
between the two efTects can bo (ditained liy exami- 
nation bedore and afitu* candu! filtralion, which 
rfunoves the first, but lilth? afTects llu^ secfintL 
Transpanuicy or iurbitlity is measured hy the bfiigih 
of column through which an object cun he seen when 
gradually lowered from the toj), and after wartffi 
api)roaelmd from the hoihnn, the mean being taken 
as the measuremenL It is hc*ht ascertaiiied on the 
spot in large bodies of water, ns it is rarely in the 
laboratory that a Huffimhuit c(dumn <d wafi’r is avaih 
able, and it is usuaJIy only reepuVife to reemd the 
sample as t.urldd, very turbid, nearly ebfar, or clear. 
On iliij large scale various methods have been ein- 
pbwed, I#y dia|dianorrif?lerH/* Hecehi, in miL, used 
in the I^Iediterraiiean a white disc, Iwfuity ciailiinetres 
in diaiiieter ; later, by the ftfuieva CaiminiHsiorn an 
ineandesmit light was lowered, noting Ihn limitH of 
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WATER PURIFICATION. 


‘‘ clear vision ” and of ‘‘ diffused light.” This method 
would be specially adapted for wells. The intensity 
of light at different depths was also measured by 
sensitised photographic jdates, but in this way colour 
considerably interfered. To obtain observations with 
less quantities of liquid, Hazen, at Lawrence, Mass., 
attached a bright platinum wire, one millimetre in 
diameter, at right angles to the end of a graduated 
rod, recording the turbidity in degrees ; invisibility 
at one inch being taken as unity, other degrees were 
fractional, inversely as the depth at which the wire 
was obscured. If the turbidity was more than one, 
the sample was proportionally diluted ; if less than 
0*02 (50 in.), the turbidity was ascertained in another 
water, and this diluted to imitate the sample as 
nearly as possible. The jars or bottles were cased 
in black cloth and illuminated from below {Filtration 
of Water Siq^pUes, by Allen Hazen, Wiley, New 
York, 1900). Whipple and Jackson have introduced 
silica standards for turbidity, made by finely grind- 
ing the silicious frustules of diatoms obtained from 
certain deposits, suspending in water, and diluting 
definitely. They seem to have many advantages over 
kaolin or chemical precipitates {Eng. Record^ N.Y., 
Jan. 27th, 1900). 

Waters which appear limpid to the eye may yet 
contain an appreciable amount of solid matter in 
suspension, consisting of substances and organisms 
so transparent that their presence can only be proved 
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by fillnition. CoiupariBon bIiouIcI alwaya bo mado 
with a pure water, 

Cohovn 

is observed by looking at an illuininatod wbito aurffu-if 
through a two h‘et cohunn of tin; \vat(‘r fonininofl in a 
horizontal eylindcu’ cloHcd by glana plahtn; hIho with 
less diBtincluoHH through a column in a vortical jar. 
For ordinary purpoHCH a thin tumbler of the wiiit*r 
may be Bet on a nheet of while paper in a go(jd lighL 
Pure water ban naturally a blue tint. A greeiUHlt 
tinge in communicated by alga*, a brown by pf^aty 
and Homedimem by animal muti(u% a rcHldiah by iron, 
while a yellowish lint pfuntn to the posniblo presence 
of urine. Varioun colourn may be also conimunicided 
by manufacturi‘H. 

Many conventional .Htanilards have bcMtn proponed 
for olilaining figuroH of cornpariHon belweeui wafern 
by means of coloured solutiens on lh<* saiiHt priiicipli! 
as NctHslerizing, Forinerly, an the yeil<nv and brown 
tints were conHidf*red tlm inosl iinpmianf, the Xessiiu' 
test alone wub used, r<*ccjrding the result in amounts 
of ammonia requiretd to prodm-e the Hinim colour. 
The metliod, however, had nmny faults. ('roolies. 
(Idling and Tidy, for ilie Lombm reports, etuployed 
hollow glaHH wedges containing loduliotiH of I'oppcr 
Bulphute, cobalt cliloride, and ferric chlorif!f% ididine 
over one aiiothi'r in front at a circular hole. The 
figures were Kbiied in milliniidreH thick fif blue amt 
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brown. Ha?:c‘n cniijiloyH HfutKlanl inixturoH <if 
tioiiB of plaiinniu and (adjuli, tin* nnit (4 ladour baiiig 
one of platinuin in 10,0(10 of walor (ArnrHean 
ahemiad Journal, xiv., IlOOh Tho Londi»n C’cHtiifv 
Council inoaHuro Iho (^olourn in toniiH oi rod, bliio iind 
yolloAV, by comparing ibo Biunpht willi an oqiml 
column rd dintillc'd water, bfdorn which graduated 
coloured glaHS(‘H arc inlcrprtscii in Lovilaaid'H Tinto- 
niotcr. d*ho typ(*H clamcii arc maninvhai unnatural, 
but in a clt‘ar water doviniion from tint UHUal iinta 
followB the linen of contaiuiniition indiciited alaive. 

Tahtk, 

though oftmi decc*ptivc an to coinponitiHn, in of great 
itnjKUdance fnau tint cngiin er’H and conHunier*H jaunt 
(d vi(!.w. Kcuno <d the London oHieial n^pfuls Hj>eiik 
of an ** CjVancHccnt Hinoky fHhf.e/* Thin, though 
certainly ponnihlcf in a hnnjky fcnvii, dtieH imt Hvtnn 
to ho elHinvhere recm'fled. I hit tiiBleB and ndours 
due h> algie and aninial * growtim in re.HcrvnirB iirid 
jiipes have freqinuiily occaHauied Hcriom^ iroiiMe, iih 
many of tlnme organi.smH caUHo jieciiharly uiipleiiHiiiit 
flavourB, while earthy and vegetahle or niar,Hliy oiioh 
are BometimcK comnntniaited hy larger iif|iiiiiic jdiintH 
and mouldy fuBhm and amellH by fiiiigi (p. 2HI|. 
CuHtom may rcuider Huch watera coiiijtiiriiiii’ely sii- 
nocuioiiK, hut nauHoa, diarrhci'u, and other ill efrc«d,,H 
* A iwal ta-Hlif** in thi* wiiO-r 

Hii|)|)ly cjfiaw'ti irr»inil« iti IBBI iuhI U wji-i tnireil 0* 

protomoii Hyriura (Wliipp^- 
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have \mm Iraml to thinr mho. Waiorn aHtriuMi’Jii fr<iiii 
taiMiiiioid HuhstaiiooH, aoul or alkalino from rlioritirali-M 
brackihh from Hfalium ohlorido, Idtior frrou maijiioHiuiii 
BiiltB, inky from forroun otMiipcnualH, or in iifirrio 
(lietriclB Hulphnrottod or HttlphurouH (Hlkdt 

are readily iipprec^iaietl hy laHte, ami arii fdadreiHly 
unsuiled for onlinary drinkiiig, 

OooiMt 

in often a valaakkj indieaUon. It may he earthy from 
clay, peaty from upland Bourc<»H, laarHliy (iliere ih a 
dintinct difference) from rivi-rn, HwampH, ami pmaln, 
aulp}mrette,d or f*,ven uriiioMH from recioit ninvage 
contamiriaticai. The rahmr in heni ohnm’ved hy half 
lining a Btoppcaaal hotile Ca cork in inadminHiliio, an 
l)y itnelf it imparin mnm odour) with the wjitcr, 
warriiing to hlood heat (ahoui ICMP F.), Hliahiug 
vigorounly with the. ntopper nli'ditly hamtaiftd in 
rcdieve the proBHure of tlie gaa, mid aiiiidliiig cure* 
fully, preferahly in compariHcai with a juire \va,ii*r 
wanned to the Hiime degree. 1‘Iie uaiu.rii! odour of 
pure warmcii watjr in very Hlighf. A mere Irio-'*’ 
of urine could at once he deieclefi hy ihv^ t.e4., 
and would, of counts eondmiin the water iiml 
rerider lUtvMHmvy ii rigoroun in%“eHtigatieii hh Io ifii 
Hoiirce. 

In Hiiccial aineB a large volitim* iff the watfu* may 
he extriicd.ed with pure ether (p. or a litre 

tilled ami tlia fifhl portioiiH colleried. f h.4f.iilat*-:-4 foim 


H 
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all waiern havit a ** hoilini dim proliiil?Ij to 
an altfralicai of Ilia or* 4 ank iuultf*r bv tlici lii*at : in 
polhiiion willi Hi;wa»0’ I'H'aiiliar riuiij^ioriiaa.ouH Binoll 
IH ofian darivad from a iiauiml HultHliuiaa 

whi<‘h I liavo iholalad from Hi/wap^o diBliilatim in wliila 
Tolalile aryntalH alimmi iuHoluhbi in \viitai% tlii^rafora 
eollociini4 an a wliita Hatnii whan pranani in noma 
quantity; it in fraquanily mora Hlroni^dy avitlant in 
the allmmimad ammonia dihlillafaH (jn 27!H. 

No axaai maanuromani of odour lian yai licnm 
ait4unad, and tlio lamianalatnnt Imn no pri'cnHam. 
A linhy lanto and odour, dm* proliahly to irimalhy- 
lamina, attandn Homo haalaria of pntrafiialion wliieh 
may invade*, \vat4*r, Hualt an JL jmtndtiM ; 

oilica’H, aH IL Hiilplnimtm, yiald Hiilphurattad hydr<i;4aiL 
Apart from iho nniall pr«»dm'a<i by daaay, many 
0 iourn alTaatin^ largo bodic*H of watar are duo to oiln 
Hoerated by algia ami prolor.oa. Aiiubianii, Kaiaia- 
di-Mims, and AHiarionalla among llm ii!ga% ami «omii 
flagellalci infiiHeiria, Huah an llroglmni iind Kyiiurii, 
have given great annoyanco from tliin eiuiHo. Sovoral 
pnblie water gupplien in Ktigland liiivo nt liiiioH boeii 
Hudtlenly invaded liy liaby odotira find lahten, iif.tri- 
buted to Volvox, Koatoe, mid oilier orgiiriiBtiiH. At 
Clielieiiliiim, in IBIII, tlio fault wim trneed to Chum 
ftriida or mmm of its paruHitim. Tim fwliy iwlfnirH 
are generally produeed by miimal, flm iironiiilie by 
vegetable, organiHiim. It h foinicl iliiil tboBfi, dilTi- 
cultios are avoided hy adopting eoveritd or cliirk 


rcHcrvoii-H. U-iH-'f: ' ■" 

Uio odour. 

Tl!^•^ll hlut. H lluit in ‘■■•ii« ■ , 

arrived froui viiiin »’! muid l . iiCi'S- '* ^ 
hHHHfuiiil lu.t.!..-id..l.4.mr«4 ..nisdm-- 1'< « J 

Uio Miudl »-iitinly di^ili-cn * «|« i. 

exp wd to tli« HI!' *>"■ ‘‘ *’‘’*** ■' ] 

“hi Ihewj di'4ii*'tH, }»..»< v.r, t« » 
driuk any kind of dn*!. or |. i.d v..ur i.' 

thiH." 

Ti urriivii rr. 


Tlliw hliould hIwhV** h' »d > i**« d :»i ‘h. '. 
the. wuiiph'. Th«> pu l* r« J»* > «■ r 4« * p ojj j 
to » wjrtuin intent "i* »).« ;! r*...!?.* ;: >, I f. 


laid near the j*)u hu’i- thin advaoSiH:- s •:»} s-uj 

T!'H? illlprirtllllfi^ irHi|'^*'3-4s?jir»? If* 
giilcjralioivH 

1 . Oriiil fliirliiistirasH I 

(ir viimliiiity in tin* %%iih -■ 

2. Al II lii|..^li^'r ^ 


gaiiihiiiH, i.H ; tl«^- riin uy-^'M <4.4 

iiifiri! riijtis'L 


♦1. Wlllii tlHf4 InI" 
tinv iiiiiri^H li-ivi 

4. Tin* iiirp'*iint *4 <ir,%:yn fi3^4 
cif lii4ri*4 ih :i!t. lIs**- t« k .-^Vai- 


liiglier imt j». 22|. 


If) 
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i-iiirt'iuTiK,^ of XATru.u. Watkuh. 

A* 

arp iic*t onliri*Iy on lint (‘IjtsHifiea- 

li^ni of ihi’ lowrr plantH in lainl watnrn, Imi 

tlio in u UHofnl oiio. For lint a^netra 

iin*l f'.jM'rii H rj^oriiil workn naihl ho. ooiiHuhiMl. 

h 1 htiiamtitr'tt, ooiiornlly lirown or in^arly ncrlrnirlesB, 
i^kf’lflon hiliohaiH. with two h<»x4ik<t valvt^H uml linn 
iiiarkiiiifH. Fri'i% ooiinoolotl in i-larH or rliaJuH. 

n\]im of varioun roIonrH, novor piUHi 
in’f'fii, llio rhlorojihyll hoiiio UHHooiiitini witli other 
riilouriii;.: liiiitiorH. 

Ih or $iVvim lilgiF, iiielinlitio Proto- 

iaii*c*oi4oa\ ! ainl F*»nforvot«hii.‘. 

■L F’looii, withoni olilorophylh inelinlinj^ 

(fi) Hi'lii/aiiiiy*a‘loH : Phnlothrix, Lf*|iiothrix, (.’reno- 
ttiri%, l»ii.5f4iHtria, and Poioloiia. propor. 

(Ii) Hpon^H iiini niyeoiiinii *4 yeiiiilB and iiic.nilds. 

II. AniiiiiilM. 

ft. Proloc'on, Uhi^c^podii (Anneha) ; flit"el!nte and 
eiliiilii liifiworia. 

■fi. /loiiffrti, fir whoohhojiriiig aiiiiiiniriilo.»-4. 

or Hrtjiitmt : eonihiiko forniH* 

H, : fronh water hpon^,e-^. 

!l. CruMtarm (Cyei«»pi4, l>aphnia and otlierH), 

III. Wciriiia aiul their a«%*iri and hioiiII inHoeiB, 
i%r.,i iiiitl fiec'fiaiiiniilly ainiill liah aiitl iyiii'iliihiin 
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C. Non-living matters. 

{(f) MinrraL Clay, sand, chalk and carbonate of 
lime crystals, soot, oxide of iron and occasionally 
of manganese. 

{h) Vcf/etahle. Hairs often of marked types; vessels, 
spiral or other forms ; cellular tissue recent or 
decayed, including wood fragments; starch and pollen 
granules ; fibres of paper and clothing ; amorphous 
brown humus. 

(c) Animal, Hairs, epidermal and epithelial scales, 
fibres of muscular and other tissues, fsecal matter, 
portions of insects, dead animalculse. 

The suspended bodies may be often accidental, and 
can be removed almost entirely by filtration or subsi- 
dence. Even in a water polluted by organisms 
causing disease these are often so few in the bulk 
that they are not found in the individual sample, 
when'eas chemical products, being dissolved, are present 
in each unit. The substances in solution are there- 
fore a better index of the permanent character, and 
exist in great variety, as shown by the following 
table : — 

BissorwED Matters. 

{ Peaty and ether vegetable matter, urea and other 
constituentH of excreta and animal fluids, pro- 
ducts of pntrcifacLion, as alkaloids (ptomaines) 
and amido-acids, phenol and its derivatives, with 
waste products from factories such as fat, soap, 
oils, tar, colouring matters, Ac., sulphocyanidcs 
and benzene from gas works. 


na 
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!rh*riiiinir f*r 


I liitmtrH nih-imti, iim^ifAtun, 

f^iurti (Imrmlr-.'i I hfAimn, pt4n-‘iuiii, iron; mlirii 

qiiiuility 4 fu$4 iirhuiljt 

fSiJ’t’r.iaV*') of itth?i'' IsMilir'i {iji«| 

Miiiil! quiuj! «•! 

Sitnti'u; pniiaHion-, Irafl, 

fin ttrohui. r«q»|ifT, 7n4«\ 
nr' 4 ‘!jjr, hiiriiiSii, 

hU’fitifium ; ^fill's 

!*ilirfi, hMr}*ij, A;**. ; |‘r'* 

iit’idj. jilkiilii’ii, JUi4 
f C )*«■?« : ijilrM|irii; rnrh«*ri *l3st%i«l«*. 

Ahmtrmtil h3ilj4}ur«'tN'fi hy4rrig*is, jiul|»'h»r 
( SkV, 


rikljlilH'MU'. Hj^i 
iio%io\r<A 


1 Turner fd Onjanir All iiifttlii' 

in m it h nw'Hi^urilj a nign of 

iiiitioii. l^iii Ihii quantity of on^fiiiie riiiilfo'r in not mt 
iiii|.»ririi4iii m ilio (jtiality. For iiiHtaiiro, an tiplaiiii 
walor may fonlniu a lar^q* c|UHiility of hrowii IturiuaiH 
iiiiiltti% nliiioht oiiliroly rarlHiimrooUH ; yot, lioyriiiil 
alinliily or liixalivo, iMa‘ordiri|4 Ui llio 

nnliirci of Uhi orgaiiio iimtiia* it Iiii-h a!>Mir!<ft<ii it will 
not convny dmmnB. On tla* ollior liiiiid* ii lirii^litj 
cliiiir %vaUir %vith km orgiuiii* eonloiilH rniiy iiioliaiu 
Hiirli ilaiigorrms eloinonla an will iiifrtri ii wliolr* iiiiMli- 
boiirlicioit with a fata! opicloiuk. Jli.ii tlio }ir‘nly 
IH nut ilioroforii to bo approval ; it ooiitiiiiis filitiiifliiiii 
focwl for ilia growth of organimii« iliat winy iifaiflaiiliiliy 
aniif- It iiniat ho puriflecl liy cixi«titlioii or praripiln- 
tion hoftire liaing piiHHcal m potnbltt. Tliara in iiiiotliar 
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objection to peaty waters: they are usually acid from 
the preBcnee of humic {luunusy the ground), creiiic 
and apocrcnic, and other brown vegetable acids pro- 
duced by the decay of vegetable matters. These 
waters have a tendency to dissolve metals, rapidly 
corroding iron, and therefore are unfit for use in 
steam boilors. They also attack lead pipes, and thus 
render the water poisonous. Their colour alone 
makes them unfit for many technical purposes. 
Fortunately tliey can be easily and cheaply improved 
by a method which will be described later (p. 158). 

In other reBpects there is a distinction between 
tratcTH which have derived their brown con- 
Btituents from percolation through roots of heather 
and grass on uplands, then passing over the stony 
l)ed of mountain streams, and imrsli or stcanq^ ivaters, 
which have lain stagnant. The former are usually 
clear and almost free from organisms ; the latter are 
fr€j(|uently turbid, foul-smelling, and swarming with 
infusoria, rotifers, amcehue, and bacteria. It is pos- 
sihle by habit to acquire immunity to both classes, 
but there are abuiidant instances where diseases of 
malarial or diarrhetic character have been caused 
espeeially by swamp waters. A.s Francois Coreil says 
{UEmi Toiable, Paris, 189(5, p. 11) : — "Waters 
charged with organic matters can create true symp- 
iorris of poisoning, although they are incapable of 
producing specific maladies if they do not contain the 
specific germs of the disease.'^ 



ivj7/ac pvHiiicArKm, 


^ I 


of llio iiijiiry fo |:^onc!riil lioallli 
oi'rahioiirt'l 1*3* ilrinkiii;.^ ioj|oint walorn. '.riio 
of laiinHlij watfi'H in <'aUHii4^ iIyHC‘nl<‘ry, .Ic., in 

Wi w-il that iho h-rni pnlutiisiii ” han 

liotii inf roiiin’j ti for it. 

Animal iiiatfnr f»f viTHii origin ami nmlnrgoing 
riipitl rlmngo ia a ^poriiilly dangnrmiH foitlnro in 
ilrinlhiig wahi*. In thn jHifn-farlicai ofTnolntl liy 
liiint«*ria it in hr* 4 nii up into lanijflor organic coin- 
jioniid'K ailli rnafluiioii of ga^rn, c'hii^fly carbonic acid 
aii«l nifrogoin \Ujicli niny give tlio lirinid tin* Hparlding 
property already allmbai tm Tint inlorincdiiitc |n'o- 
ilnctH imdmlo fiizymoH, aiiutlooiciilH like glyeoeinc, 
lcnifinf% tyniHine, amt otlmrH, amt 11 nuiniNtr of alka- 
lonlal boilioH or ainiiie:^ j^ni*!i an oiljylemj-diaiaiiH% 
* ’fo iO wttfH ininitk-^p T«wi*'t% 'Vi4, I.# i*, Ksilia ; Vfil. If., 

p. ',ifh IvO-O**. Tip- ill VI I O aini)|,| t,ri 

3|,;^ 0l‘- «'^ 0 'iv rlilr' nI thv- 

nut & Mif.Vwfari,* #«n «^r yir*f^f0sti mfa iyaffa. 

UA9irffti$f ytif* I a'4»|viyitiifc|/«'H «4 

tsliyiflioa ^'‘as.if'r in fua4 tmO »r# wipmm ftip aifl 

fi^ymAfi.n itmi ifii nn O^iiV-r ;ihvir « Mi i'ldutyfr^ iui4 liiirds’lH'ifl 

’I lir-?# a*” .itr'i'is foatl '•iOfliV tti 

Wffyii if y^ft diflym iim*. In fli»^ rSMlifli rhfi|»lrr 

|p» rm in ilir r»i|r.4.<a'f;OlM5i «4 riilO fin4 WM.rr'i. trt 

hm 0fi0pm fa* yhpHirf&rd itfti AifWidtaru MmAm^iWp$hu7u 

ffftiii Hfp III!-: iiftlar-o. Oiinerisf.., lanl iiitf-a. Imirnn. 

Uu |i. aa ll♦lllr«^| li<- III*? t.|i»? wiifrr, fJtrm S# 

«ai ii mi wtmriplip, Ssif*w 

mill trr lirn vumli^murd^ ik I# md nd MpmriAAhm 

Wfipnpk 

At ft, 10 0 ,i!.f-r#'| nm &pt$mfp htmt tmtfi wmMfnfn r»¥ lir«>* m% 
iSajnffm-fiw ydp liryninn Immiwfi, 

All ill l*liiiy luirol. iiniiin.'i riili, 

tiiiiOirii, tmtit : narii riilr*?iii, Iwtaia rplilii, li*aiio umdrm ** 

ftlif? r*?--4 ptm* lu ilii? rlninl, only witli air; ihm cartli 

iiilfk limp; multf mml ; loim f'iilfi|. 
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with great physiological power. Therefore a polluted 
water, tliougli freed from bacteria by filtration or 
boiling, may atill be unwliolesoiiie. Purtlier bacterial 
action can cliange tliese bodies into ammonia, which 
finally, by the aid of atmospheric oxygen and of 
nitrifying organisms, is converted into nitrates. This 
is what is meant by the natural purification of water, 
and forms a most important factor in dealing with 
supplies. 

llecent excreineiititious matter sometimes enters 
into waters through leaky pipes or wells near middens 
or manure heaps. In country villages it \vas formerly 
coninion to see closets on the banks of brooks di.i- 
charging directly into the stream, the water of which 
W'as actually drunk by peoide living lower down before 
there had hcen time for oxidation or natural lourifica- 
tion to take place. Such conditions have caused 
nniny violent C3pidemics, notably the one at Terling, 
in Kssex. This form of i^ollution is easily recog- 
niHiible by the odour, fmcal or urinous, jorodiiced on 
wanning the water. The urea present in the urine 
iniiy sonmtimciB ho deUicted in such waters, but it 
rapidly pusses into carbonate of ammonia. Phenol 
luis been Btiited to be a constant constituent of sewage, 
and a test for the presence of soluble animal matter 
ill waters is founded on its detection. It has been 
jiroved that water x>ollute(l by faecal matter can be 
drunk for a time with impunity by persons in health. 
Thm fact, together with the immunity of many 
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iiHlividiiiilH fn»iii fNnuH nf prolialily 

fur liii* frrtiij appunait (amHCHfucaiees 

fur prriMii:. nf pi-r^Mir-. xslio have* liahitiudly iimcle 
fsf and \^liir!i wi'-nt n-hvicHiHly eaii- 

laiiiiiiairii with I'Xi'ri'I.H . n fart \Uiirh Iiuh aUini brrn 
by iiiilliiiiyn;4 jU'naarH ill oniiT to throw 
dMiiht nil I hr of Horuriipr^ a |Oir<*r wafor 

unpply* Ihi!, ujiai't froia ihr rojoiltdvomrh.s of iho 
iitr-a, llir iiiiiiiiiiiity loay lit iiiiy liiiii? lio 
i»v tlio j'a'n,.a|,tr inln thr wafrr hy tlio Hiinu; rlmniiol 

fd ^Ill-rial |sal}i*oo’tiir oi rtaui^oo^. 

Tlio natorr aial iirnoaiit of tlit^ iiiiiionil wiii;n pri'Hi'ni 
ill ttiilrr will «lrjN’nd *oi tho rorlvH or hoIh ovor wiiic'h 
it hiiH par-rd or Ihroiiyh wldrli it Iiiih pm^olated. 
AIiiiohI III! i4ih-:4iUiri-H aro to ll caiiiiili oxloiii Holulilo 
in or iirfrd fill IfV watf-r iiiifl idr; tho fpiiiiiiity disHolvod 
will lio iilfrr!f*d hy llfo aniouni id f^iihhlnnro proHorit, 
llif! mtirn’i* i-^poHi'd aiol Ihr fiirio of rontart - rnidd 
Iriiiifdi idlfiwiriM ladalividy loi4?i wdutioii"--oii tlio rtogroo 
of i^olnldiity of ilui t^uiodanro, and lliti proHonri! of 
lilcr* mxp^^n iiial ny'laaiio arid* lionpora* 
liiro mid %vith rortain rEroplJ*mi4 (noiahly 

^iilpliiilo Ilf liimn p* inoroiimi aoliiliiliiy, hoiuai 
liiiiny lli**ri«iil liiM-p i^priintH ooiiiidii iilnioririiil iiitioinitH 
Ilf diH^olriid iiigrodioiitH, mwh m mlim, widcdi arci 
liiijioitiird i%n vtitnin on ttX|ioHiiro ki idi% I'hii iiiiiiural 
eoiiHtiiiiiiit wliirJi liftually proHoiit in liirgost 
C|itiiiittlio« tn riikitiiii airlmniito> di^Molvitd hy llifi riir- 
Iboiiie iicicl in 1.1m wator m hicarhoniikn Alngiiimitiiii 
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Carbonate is acted on in a similar manner, and the 
^^laloride, sulphate, and nitrate of these two metals 
generally to be found in natural waters. These 
Earthy salts cause '‘hardness,” and will be discussed 
iia Chapter X. It is sufficient to say that in moderate 
Quantities they seem to make no difference to health. 
3But, on the other hand, goitre has been suspected to 
occasioned by waters containing a large amount 
of these salts, and constipation and dyspepsia are 
known to be sometimes produced by very hard water. 
At Leicester, in 1898, considerable opposition was 
offered to the introduction of a water supply from the 
Tipper Derwent as being goitrous, but it was shown 
that the water was pure and soft and not likely to 
cause goitre, the few cases on the mountains having 
been attributable to other reasons. Waters con- 
taining large quantities of magnesium salts or 
sulphate of soda are purgative, and frequently cause 
diarrhoea. Potassium salts are not usually present 
in any quantity, except in sewage-polluted waters. 

Common salt (NaCl) is a frequent constituent of 
waters found near the sea or brackish estuaries, but 
unless it can be traced to a marine origin or is 
derived from rocks like the new red sandstone, which 
contain deposits of salt and brine springs, its presence 
in quantity is indicative of animal contamination. 

Natural waters are usually faintly alkaline from the 
presence of carbonate of lime, and at the same time 
are acid to phenolphthalein, owing to free carbonic 
w.p. c 
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acid also being pronent. Any other acid or alkaline 
couBtituent would nauler the water injuriouB to digcm- 
tion. It in found by experience that cctriain pro- 
portiouH of iniiutral buIIh are bc‘neficial in water« ; 
beyond these proportifaiB tljey may be injurious and 
deteriorate ilio watiu* for most puriifiscH. The approxi** 
mate limits will bo couHicUu'ed in a Biilisequeiit 
cluipter. 

Ainmonia (NH’a) and its Balts are ahmmi entindy 
absent from pure waters. Aiinncinia, being one of 
tlio Ihuil products of the decoinposition of fiiiiiiial 
inatt'Ctr, is UHually an indication of pollution, and 
fntquently indicat(*B contanniialifUi by urine. It, 
bowever, is eoinparalivcdy luisily oxidiHed by wiitisr 
organisras into niiritcH ami nitrates. Its rcliilion to 
llicsfi compomids is further discuHHcd in a Inter seciituu 

All waters contain ininnte traces of iron. Its 
presence in amount as low as one-liftli gridn per 
giillcm iiiiparlB a ciirainu’iulde. clialybrale lai^te to 
tbo watfjr, and renders it unfit ha* getii'nil cciriHUiiip- 
tion and most induHtrial purposes. It cun giuteriilly 
bo removc^d l>y precipititiimi with liiiie-wiiim* iiiid 
oxiclfitioii, and the water so piiriliecl coiifiiiiiH less 
bacteria, but fro^juently lias still a Boiriinvliut tiii- 
pleaBaiit iaHtcn For tJiiH reason it in riirely eroiioiiiiciil 
to resort to tlic purilkmlitai of iniiiii and pit waters or 
those arining from ferriigiiiotis Hiriila. 

Bilica (HiOy), derivwl from the piismige of tlie water 
over sand, fliiitH, or ipiarti^ rocks, is alwiiys jireKiuit in 
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waters, but is frequently overloolccKl. It nfien amountH 
to one grain or more per gallon, and is preciinlatcfil 
with the earthy carbonates on boiling. In very soft 
waters, such as those which are derived from the 
uplands of igneous rocks, the silica in a gelatinous 
form constitutes the major portion of ihcj pretdpitide 
on boiling. It is present in considerable amount in 
boiler incruBtationB, especially ihosci from sea water 
(Table E). If in unusual quantity, it is a bad feature 
for industrial waters, though for m<‘di<unal use it may 
be of value. 

Salts whiclx give a water a nushcinal value, ami 
contaminations from manufactures, are considered in 
a subsequent chapter. 

Even traces of poisonouH nndalH comhunn a water 
at once. Lead especially is known to accumulate in 
the system and occasion paralysis and other serious 
effects (p. 147). Although many of the metals can he 
removed from a water by filtration tlirougli aniirnd 
charcoal, the action cannot bo triisled, so tliat, unless 
the source of the nutial can be dete(d,f‘d and the 
contamination stopped, it is imperative that the supply 
should lie disused for drinking. 

A water to be palatable shcmld he fully aerated ; 
/,r., it should contain fairly full amounts of the 
natural constitumiiH of the atmospliere, c>xygen, 
nitrogen, and carbonic aci<l, otherwise it tiiHkm lint 
and insipid. Dccfj) watctrs liave, as a rule, a larger 
quantity of nitrogen and hms oxygen. DisHolvml 
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oxygen is ncecfisavy for fwli life, and also for the 
self-puri fixation of rivere, mnee it oxidises tho organie 
impurities they contiiiii. lliver water on boiling gives 
off about one-twontiotli of its bulk of a mixture of 
oxygen, nitrogen, and cfirbonie acid. Water can 
dissolve under ordinary conditions about its own 
volume of carbonic acid, throo por cent of oxygen, 
and 1|- per cent, of nitrogen, when in the proHcnco 
of each gas singly. In contact with niixturos like the 
atmosphere, however, water dissolves each gas in 
proportion to its eo-ofliciont of solubility, and to its 
gaseous tension. Since air contains about ono-fifth 
of its volume of oxygon and four-fifths of nitrogen, 
the relative tensions of each gas will bo I and f. 
Then the amounts dissolved from air will ho approxi- 
mately 3% X i = O’i',% for oxygen, and 11 %'R.i- 
1-2% for nitrogen. 

Argon has been detected as a eonslituont of such 
gases, proving its atmospheric origin. Free nitrogen 
in waters may also be due to reduction of nitrates by 
organic matter, or to tinaerohic decompositien of the 
organic substances themselves. 

Dittmar states that if one volume of water at t? is 
shaken with constantly i-onewed portions of n mixture 
containing mi of oxygenr, uia of nitrogen, and mg of 
carbonic acid per unit volume until aljsorptiometric 
equilibrium is established and the dry-gas pressure 
at the end is j> millimetres, the water dissolves of 
oxygen mip^i volumes, of nitrogen of carbonic 
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qP/Sq, measured at 0° G. and 1 mm. dry pressure, 

5 being the coefficients of ab^>rption, of which 
'es a table for different temperatures {Chemical 
letic, 1890, p. 154). The three absorbed gas 
es, if measured at p millimetres, occupy * 
volumes. Hence, at any pressure, unit 
e of the ahsorhed gas contains : — 

Oxygen 

Nitrogen 

H- Wi2i32 + 7^^8^3 

Carbonic acid 

miiSi + 111 , 2 ^. 2 , + 

m these formuhe he calculates the amount 
red by 1 litre of water at 15° C. and ordinary 
.re as: oxygen, 7*196; nitrogen, 13*96; car- 
acid, 0*30 ; total, 21*46 cubic centimetres. 
Frankland gives the following as the actual 
es of gases expelled on boiling 1 litre of five 
I waters (Wate?^ Analysis, 1880, p. 3) : — 


Cubic Centimetres per Litre. 



Bain- 

water. 

Cumberland 

Mountain 

Water. 

Loch 

Katrine 

Water. 

Thames 

Water. 

Deer) 

Chalk 

Well 

Water. 

n ... 

... 13*08 

14*24 

17-31 

13*25 

19*44 


.. 6*37 

7*2G 

7*04 

5*88 

0*28 

c acid 

... 1*23 

2*81 

1*13 

40*21 

55*20 


20*73 

24*31 

25-48 

59*34 

74*92 


above carbonic acid figures include not only 
ssolved gas, but also that present in combina- 
3 bicarbonate, as this is also evolved on boiling, 
a general rule, -when the dissolved oxygen falls 
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l)olow 7 c.c. per litre, except in hot weather, it in- 
dicates the proHence of puiroscil)Ie organic iiiiitter 
by which tlie oxygen is l)eiing conHurnecl. In the ease 
of deep well waters, to which air has had little or 
no accoHB, this process of natural puriflcaticat has 
occurred long previously, and lias produced nitrogen 
gas, tlie free oxygen ahnosi diHai)pearing. 

lloHCOo and Lunt (TnuiH. Uhenu IBHlb 552) 
have constructed the following table of the anioiuits 
of dissolved oxygen in fully a(;rated watc/r for ea(di 
half degree between 5 * C. and 0., and for an 
observed pressure of 760 nnn. (20i)B in,)* When the 
observed prossuro is bedow 7(K) intn,, the value! 
must bo subtracted for (fvej-y 10 nnn. diflerence; the 
same value must be achh^l when the presHure is above 
760 mm. 


Toujp* 

Cc. Oxygem. 

Tm«p. 

(!r. Oxytjftn 

Ti'inp. 

C(i Oxygm. 

5*0 

H08 

13*5 

7*20 

22*0 

804 

ry5 

H-fS 

MO 

7*12 

22'5 

(t-M 

(H) 

SA9 

H*f> 

704 

u:hj 

ii-m 

0-5 

8-40 

15*0 

mm 

2:i'6 

5'K9 

7-0 

B'Bl 

15fi 

n-Ki 

24 ’0 

5’HI 

7-5 

8'22 

nw) 

0-82 

lO'fi 

f)H(l 

S'O 

S'la 

irr5 

0*75 

28-CI' 

f.'7« 

8*5 

8*04 

170 

(1 88 

25-5 

5‘72 

9-0 

7*05 

17'fi 

(Ifd 

28n i 

tfVM 

9-6 

7*80 

18*0 

G'fil 

28‘fi 

irili 

lO'O 

7*77 

18*5 

r*'47 

27 '0 

trim 

10*5 

7*08 

100 

8-40 

27*5 

irm 

11-0 

7-60 

10*5 

8-34 

2B-0 

irM 

U-5 

7*r>2 

20*0 

8-28 

28 5 

mi 

lSJ-0 

7*44 

20*5 

' 8*22 

29 0 

5*48 

12-5 

7*S6 

21*0 

8*18 

29 5 

5*45 

IS'O 

7*28 

21*5 

8*10 

mm 

; 5*4B 
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Sulphuretted hydrugen and BiilplmrouH acid are 
naturally present in some mineral springs, the former 
constituting hepatic and the luttcu: sulphurous ” 
waters. Certain organisms, such as OmuUalorm and 
other algie, and many bacteria, can nKliice the natural 
sulphates to sulpliides, and the water then Ixjcomtm 
foul and unfit for drinking; this action occasionally 
takes place in sampbrn sent for analysis whicdi have 
been kept too long in closed hoithm, atid is an 
indication of organic matter of a very ohjhjc.tionable 
kind. The iJresence of BuIphun?tt(Hl hjdrogcm is at 
once revealed l)y an odour of rotten (^ggs and an 
unpleasant hepatic lastf^. 

Suspended |>arti(des, if of an apprecuahle si/.e, soon 
sink to the l)ottorn and constilule a Hisdiment, from 
which the water may be poured oil in a (dear state. 
In depositing, the suspcmchal matter may carry clown 
with it most of the minute animals, alga*, and avun 
hacleria, bo that an exannnation of this dc^Kmit hy 
the microscope} is of great value in revealing tluj 
natun? of the solid impuriti(*H presotit. By suedi 
depoHiiioM riven's bectome to a ccjrtairi extent purifh;d 
in the quieter tracds of their flow, and become ede^ar, 
although the silt or sediment is apt to he again raiscid 
l)y an unusual current, causing storm waifjr’' to be 
always more or less itirbid, as is se.en at intervals 
in many of ihc; lamdon supplies derived from the 
Thames. Tlif} colour and <diaracter of the suspended 
impurities may be Judged by looking at a considerable 
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voluiuo of ilio water allornai(?Iy Ijefore a bright light, 
as a window, and a dark Burfaco, sucli aw cloiln 
Contrary to general opinion, inost snspended particden 
in moderate (juantity do not aiTcsct the flavour of the 
water, an can 1x5 provcul by tasting ii3t the dark a water 
which is *M,hi(‘k'* and onci that m perfectly clear. 
But, b(*.sideH Ixdng unsightly, tliey alTord evidence 
that tlio water has not l)oen officdcmtly filtered, and 
it is mainly for this reason that a turbid water is 
condonnuKl. Fimdy dividend mineral matter in bub- 
pension is beli(‘,ved by Home* to be, a eatiBC3 of intoBtinal 
irritation and diarrhma. Clarific.ation can in most 
casoB be efTcictc^d by diHHf)lving in it a Binall cjuantity 
of alum, from oruj to six grains per gallon, afterwards 
adding the ocpuvalent amount of carbonate of soda 
(see p. IfiB) and allowing the gelatinous precipitate 
of hydrate of alumina, which carries dc^wn with it 
the Buspeiuhtd matter, to suhside. Biudi a process 
must 1)0 carried out with care, as its Buccess dapenclH 
on the (diaraeter of the water, and if more than the 
requisite quantity of cat her reagiiiit \m used, the liquid 
will bo rendered unfit for cirinking. Tlie water should 
always he poured off directly ilie dcqiosition is com- 
plete, as the hac'teria ami other organisins cornrneiice 
to multiply very rapidly wlutn in such close contact 
with their food, and will then re-enter the water, 
making its condition worse ilnui ladorci. 

It is ol)viouH that there are tw«) kinds of insoluble or 
Busponded matters, inorganic or mineral and organic, 
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the lattcir hc*in^ of either animal or vegetable nature 
and eitlua* living or dead. Organic niattorB, from 
beiijg lighter, would he Biipponed to remain longer 
in Buspennion than mineral inatterH ; hut the very 
minute puriitdeB of clay, and in a Iohb degree thoBo 
of chalk, are excc'odingly Blow in Buhsiding, bo that 
clayey watern remain for a long time turbid. Such 
waterB arc*, very dilTiculfc to clarify, and rapidly clog 
the porcjH of any filter. 

Particles of Boot arc Boinowhat freciuent in the 
waier of towns, and arc an indication tliat the water 
has not beam Huniciently protected from alinospberic 
dust, or that an admixture with rainwater han 
occurred. Oxide of irc/ii may be rocogruHod in a 
sediment l)y its nisiy colour ; it is common in watorB 
derived from tluj clay, and in not a good sign if 
present in more than niinulo quantitieH. Moreover, 
it rendcjrB the*, water unfit for washing and for several 
industrial purpoHOH. Mimito crystals of carbonate of 
lime are freqiumt in hard waters, siicli as those from 
the chalk ; tliese and angular fragmcmtH of sand are 
easily dislingiuHhcHl imdc;r i he microscjope. Pbey 
rapidly settle, and are only of importance as showing 
the water to l>ci deudveal from calcareous or siliceouH 
rocks. 

Meihoik far mUertinij (hr ;SVr///af7//-— About a gallon 
of the*, water is allowed to stand, carciully pouring off 
llie lop and IraiiHfcjrring the h*eH to a conical glasH. 
On settling, the deposit may hci dippcnl out willi a 
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small or glass tuba drawn to a point ; th(i 

drop containing Iho s(*diin(mt may ilutn laj placc*d on 
a glass slido l)(*iw(5on two slips of gummcil pai)or (to 
allow room for tlio waic.r), a cover glass placed over, 
and ilio water oxamimsl nmlor ihci micro.sco|H*. 
TortionH should la*, trstod with dilnio In tlrochloric 
acid ((‘arhonato of linio dissolvcts with (dTorvostaaicc ; 
oxide of iron dissolvcts with a yellow colour in Htrong(*r 
acid ; sand is not allochsl) and with iodine, (starch 
turns dark hluo ; animal matierH are generally dycsl 
brown). Ihuderia may ho htaim*d with Hnilimt dyes, 
Hindi as methylene hluc*, mellivl vif)let, or fuchsine. 

Mr. Dilidin, laii^ chemist to the* Lfanlon County 
Crmmdl, lias pointed out that tint sc'diment hy no 
means re|>reHentH all the Holi<l mat tern in wafer, that 
a goofi di»al Betth*.K on tin* sloping siiles of the, glass, 
and that many nnndng organisiim remain huh] einlech 
III* has inirociuciid a method liy which the wliole of 
tint insolnldi! inattm’ is collecti'd and tneiiHurc*d. A 
litre (l’7t) pints) of the water, (*r less if if hi* of had 
cdiarin*h!r, is filtered through one of the smnoili ** hard 
filter papers'" now conniionly mml in lahoratories, 
and the di.*poHit washed into ii inicrodillere" Tim 
is a glass luho drawn nut for some disiiiiice to a 
diametftr of two inilIimetn»H C{)* 07 H iiicli), and closefl 
hedow hy a short plug of eliiy hurnt til! jmroiis. lint 
sediment settles on lint plug when the water is drawn 
oil hy a viicmnn, and its df»pth is recorded in iiiilli- 
metres. The lower part of the iuhe in llicii eut off, 
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and tlie deposit transferred to a glass slide, and 
examined under the microseope. By tliis treatment 
waters usually returned as ‘‘clear, no sediment,” often 
show a largo and varied dc'posit. Bo dedicate is the 
method that the prcBeneo of most objectionable 
inalters has been repeatedly demonstralod in a single 
tumblerful of so-called good drinking water. Water 
from chalk wells only yiedds a uiinulo quantity of 
deposit, consisting of a few infusoria, fibres, and 
debris. Blank experiinenis with pure W'ator yielded 
only a minute quantity of fibre, and occasionally a few 
starch granules from the filter paper. 

It need hardly be said that in all these inquiries 
the greatest care must be taken to exclude dust. 
Samples should bo taken in pcrftictly clean stoppered 
bottles, and if from a lap it should bo allowed to run 
for some time, and the bottle washed out with the 
water. From rivers and pools the waiijr sample must 
be collected some distance from the shore by sinking 
the bottle and then withdrawing the stopper, so as 
not to collect any BulisiancKts which may be floating 
on the surface. As hits of duckwijcd, straw, &c., 
would make a grcuit dilb^niiuuj in tlio percentage 
amount of suspondcid matter found by this method, 
it is important that they should bo either excluded 
whan taking the sample or removed mechanically 
before analysis. 

In the Bedgwick-liafier m(dhod, used in America, 
tlia sediment is collected on a laytjr (if clean sand 
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suppoi-ttHl in till! lioUoiii of a fiiniH^l by a porfnrutod 
cork covered with lint! t^loUi. The dt^posil is washed 
ont of the sand into a stanilard cell and tht! organisins 
countt^d (p. 2811). (kintrifuoal machines are also used, 
and, on a lar^^tir scale, the Tlankton net, “ phinkton,” 
from TT/Vn'/cTM, wandttriii}', heino a f'ttneral term intro- 
duced hy V. Ifensen, of Kit;! Univtcsity, (Jennany, 
fttr microHcttitic organisms llitalinp: fret-Iy in Wiiter. 
Dtdic.ate and fra^?ile spetdi-s like llroglcna, Hynura 
and otluirs nnty retpiire immediatt! examination. 
The American Tuhlic. Health Association has issued 
a (letaihiil report recommendin'' ctirtsun stindard 
inelliodH of colhtclin'' sajiiples, t»f physical tests, and 
(jf c.hemical and haettirioloxical analysis (Hii}'. Kocord, 
N.Y., Oct. 27th, ItHlO). The ntporl of a cmiunittet! 
of the Hritish AsHoc.ialion on tht! siuiui suhjt'ct was 
puhlishcil in the B. A. llepoiis of IKP'l, p. 2o5. 


CHAPTEE 11. 


ANIMAL AND VEGETABLE IMPURITIES. 

'We are even now occasionally confronted with the 
^^§ument that a water condemned by chemists and 
^^cteriologists cannot be so dangerous as it is repre- 
^^tlted, since it has been drunk by many people with 
apparent impunity, or at any rate with no direct 
P^'oduction of disease.^ 

It would hardly be worth while to combat such a 
*^ontention, in the face of the opposite propositions that 
i^ave been demonstrated by recent visitations of cholera 
^xid by the periodic severe outbreaks of typhoid and 
other water-borne diseases, were it not that the argu- 
ttient is constantly used to fortify the objection of 
expense, with the effect of quashing or delaying local 
schemes for obtaining a proper supply of pure water. 

M. Monod, Director of Public Health in Prance, 
examined the mortality of twenty -four towns for two 
years before and two after they had been supplied 
with a purer water. In three there had been no 
claange (perhaps the water had not been really 
improved), but in twenty-one it had been reduced 

* At Maidstone, in 1898, the springs that occasioned a violent 
epidemic of typhoid had been supplying the town, more or less 
innocuously, for twenty-five years. 
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from twenty to thirteen and a half per 1,000, and 
fatal cases of typhoid had almost disappearod. 

There is no douJjt tliat a ro])UHt system may ho 
trained to an extraordinary tolerance of sahstamatH 
otherwise poisonous. The peasants in Btyria, for 
example, are aecnstomcd to eat arstsnic without ill 
effects, and heavy drinkers and opium-oahirs inif'ht 
arffue that alcohol and opium c.nuld never do liana. 

Under ordinary circumstances the body in health 
possesses a considerahln power of n^sisting the germs of 
disease and of actually destroying them in the hlood. 
But this process itself is a drain on the vital resources, 
and if at any time the system he enfeehled, or the activity 
of the contagion ho intiaisitied, the natural resistance 
is overpowered, and the disease lias its way. When once 
the disease is estahlishod in some weaker member of 
the community, its spread as an epidemic is rendered 
more likely, and then oven the strongest succumb. 

It is not pleasant to enumerate the different kinds 
of filth and polluting matter which have been found 
by the microscope in drinking waters. It is obvious 
that anything may got into water that is unprotected. 
Loss trouble is often taken to guard this most im- 
portant food than is used for meat, bread, or other 
necessaries. Milk is carefully covered, provisions are 
kept in safes with wire or perforated casings admitting 
air and excluding dirt, hut water is stored in ojMsn 
cisterns rarely cleaned, or directly drunk from streams 
that are open to every kind of contamination. 
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Dead animal matters are of more dangerous import 

than Yegetable, as the 
former may indicate direct 
contomination by a living 
animal, and even if only 
introduced with dust, they 
are quite capable of being 
a vehicle of contagion. 
Ilaii’s are often found, and 
may be easily identified as 
the product of a 
particular animal, 
such as a hiunan 
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Fi«, 1. (ty Ifiimau hair; 

b:{ing, (log, mouse, &c. (Fig. 
2 and Fig. 5 h) from the 
lips or from tluj excretory 
organs are mot witli, and 
are a very Imd indication. 
Evtei tho dcuid bodies of 
animals, siudi as niiee, 
bcKitles, frogs, and worms, 
have been re|H‘aiedly 
found in iinelc^anHed water 
ciHte.rnH and reservoirs. 
Wing-Bcales of butterflies 


<3 

bair of rat ; c, hair of mouRC. 

1). Epithelial scales (Fig. 



Fju. 2. Kpithuliul BcalcB. 




and moths and i)artH of are occaBionull}- 

present. An acariis of a Hp(u*.i(‘H allied to th(^ (dioew 
and sugar mites, but also belonging to the sann^ family 


Pig. 3. a, Wool ; b and Cy cotton ; c, linen (flax) ; </, ^4lk. 

as the itch insect and several animal parasitt^H, hoiiici- 
times occurs in the London waters dcjrivad from the 
Thames (Fig. 10, p. 38). 

Fibres of clothing, HometimcB dyc‘d, are of frecpieiit 
occurrence, and may 1x3 identified undc‘r tlia iiiic*r(>seopci 
as silh, cotton, linen, or wool (Fig. B). lliey iiHiiiilly 
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point to contamination, but cotton and linen fibres in 
the water of drinking vessels generally arise from the 
wiping cloths, or may come from paper. Particles of 
muscular fibre (Fig. 4), when found in drinking 
water, are considered to be evidence of contamina- 
tion with faecal matter. Lionel Beale has pointed out 
that actual fragments of faeces can be identified under 
the microscope (Pig. 5). 



Fig. 4. Muscular fibre partially digested found in outfall sewer 
near Trinity Ballast Office (Lionel Beale). 


Splinters of various woods are common, and those 
of deal or fir-wood are known by the rows of pitted 
markings in the fibres (Fig. 6). Plant hairs (Plate I.), 
spiral vessels, epidermis of leaves, fragments of straw 
(Fig. 7) and of the coverings of seeds, especially those 
of the cereals, and vegetable tissue more or less 
discoloured from decomposition, are met with in 
a large number of waters ; if at all frequent, an 
excess of vegetable impurity is to be suspected. 

w.p. p 
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Fig. 5. Substances found in sewage-polluted water (Lionel Beale). 
a, Fragments of coal ; 6, epithelial scales, probably from 
mouth ; c, yellow faecal matter disintegrating ; d, mass of faecal 
matter, siliceous and other fragments embedded in its viscid 
substance ; e, faeces with granules and oil globules. 



Fig. 6. a, Fir-wood, showing pitted markings ; b, ordinary 
woody tissue. 



Plate I. Illustrations of vegetable impurities, a, 6, c, Plant hairs ; 
d, e, f, spiral and annular vessels ; g, h, epidermis of leaves ; 
i, coat of seed shelving star-shaped cells ; j, epidermis of wheat ; 
h, vegetable cellular tissue found in sewage undergoing decom- 
position ; Z, young vegetable cellular tissue. 
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bad filtration or careless storage (Fig. 9). It hm 
been pointed out that starch granulc3B and hard 
portions of food i)aHS undigested from llie inicH- 



fciiKw, and honco may Jaj (Inrivad from howuj'o 

contamination. 

Livin<( animals found in watnr (•otii]in.H(. nicnd»Ts 
of all the natural familios. FiHh arc an indimdio,, 
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. Connty Council from one of the effluents 
age filters at Barking. But it must be 
i tliat fish in large numbers are often 
agregate at the mouths of sewers where 
er is visibly floating, being attracted by 
of food and insects carried down by the 
ih, in fact, are more affected by muddy water 
jinicals from factories than by excreta, so 
presence is by no means conclusive that a 
j dangerous for man to drink, 
ainnte animals living in water, a few are 
the naked eye, such as the water flea, 
leXy and Cyclojps qiiadricornis (Fig. 10). A 
. 'woim,cdAled Anguilliilafluviatilis (Figs. 14 
ommon in rivers and ponds, and sometimes 
^ay into London waters. It is believed to 

of living in the human intestine, and 
light be dangerous, and must be regarded 
ad feature in a potable water.’*' 
irons occasions letters to the papers have 
.G presence of small eels in the water 
i the taps on constant supj)ly. It would 
: eels and sometimes other fish have been 
3 mains, and house-pipes have sometimes 
id by their bodies. Their occurrence had 
. to accident or malice, and in one or two 
te bye-pass of a filter bed, used in revers- 
rent so as to wash out the impurities, has 

or Filaria sanguinis hominis, has been traced to 
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hvm iiri|>rr)j-Mi*ly I«-fi lilfi’f 

fliH Hitawii uf li:4i. Htill I*--.- ili*' iiiiimalH tliiaa* 
Hl*lvrts jHiti-fnifi* iinli'-'-.H it rlaiiiiii^lB 

l»y friM ra]»i4 niiaiiiii* * 4 ' hy *’.arf laying, an 
hiiH liJi|.ijM-iii^»|» fha! liMiil.l nlhm 

waii'f Im 'I lni’if i'--) tlml m induv 

ill tiiiif'H of liial ill «'if HfanaiY^ 

wiifi-r iiiijii-rffTtly tUu-ir^l ur lait 141 nH 

rr*4*^ZMii, liLit unr^^hit^ Ilia? a liinl f 4 igii; 

Ihi'yiiro iiiohI fro4iO'-i.il m lia*I!y w,iiir'r,M .frailnin* 

iiiUfli oriyiii}^* Huiii*' *4 tliriii Iiavci 1 ##*hi 

rori'iitly provi**! in }a” j^allinai-iiir. !4iiiiii iiini (JnHi. 

\ aliaic#, ill till' I'Mi Ilf 

of fr'Vi'r iilid jiiiiioli*-*' iiftr'i' a fr-w *iayt4 fiiiiiliii|# Jn 14 
iiiiirHliy looiilify, n j«yrif*.«iii j,ir^4.n/,rifiii i*nll|,|,l 

hi»jt'niVHnm , laiiiil-.ii' l<.i ijiH.:-** lii'Mjt'tivoritfl Iiy 
Kiiiilli aioi Hilh»iri 4 in ^ 

May ICilli, iHlini. l»r. iii |||.j|iii{ 

Hoixoil ttitii omiiifm* uimiiinin iiis4 ilairrlin-a* foiiiiil in 

llio iiniiil^ori* *4 ||si:,:*4latf" kdnmrhu 

(himH4^ in IHUU^ iillrilaii.'ii tn n jialnciiij 

IlCHliiainiCnnii. Till. iiniiErl.ini4 mahnff^ mn 

III! c|t“liv«'ri finlii ll'iiti'f* iO’i II |!''<,ai| lllO'‘t:!i|i|i|,i||*|| 

(C iiifif'*|« Hiliiilm orj^oiniji'io t? Iiu%i" in 

ilUa* fi'Vi’T, 1 lly iiipI fiiriiiii cif 

tly«f*iitii'y. 

Tiio liiri^fl llln>4ly innlilr, Il|i*i Iiniiiii 

e0litiiiiiiii4 gri'oii rlilnrojiliyll, arr l^nw.ily 4ithh4 
itlt#l jhiijdlitU\ fif tuiit'mg tiy iij*j^ili«!fi||ofi. 
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and ciliaH (Fig. 11), having rowB nf vihraiilo 
lilaniontH, or cilia, ovc,r partn of their bodices. Ijargo 
rotifern, vorticcllm, and oihcir forniH oc'cur in water nodi- 
ineritH (Figs. 12, 12, Id, and lo). TIhjhcj organiHiiiB aro 
found in watcrH nunoto from any cdiarua? of animal con- 
tamination; hence their Hignificanco in c<mfhmd to thc^ 
fact that, if iluty arc in largo luinihorH and acdlvudy 
movin r, there munt ha alao prcjHftnt a largo ([nantity of 
matter to Harve m their food, nuch as, of courno, would 
alBO supply phuity of mitrimcmt hjr dinadly dange.rouH 
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orgiUiiHiiiH. Apart from vrgctubln iiiattar in Holutioii 
in unusual quantity boing known to bo laxativo a, ml 
enfft(;l)ling to human boings, tlm water is likoly to 
favour tlio rapid multipliejitiou of any microlHss of 
(hH(!aK(i that niiglit accidentally ont«T, and thus would 
contrihuto to the propagation of any o[iidonu(;. 

Duitoins ami desmids in Hinail miniberH occur 
ill excellent waters. Kilanionts of conforva; arc 
gwieruliy dcrivcil from the stonoH or walls of the 
source. Water weeds in mcMi.-rate numher.H effect 
a purification of the liquid by the oxygen they give 
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oft from ihcur loavcin, la aquaria thin impruvcmeut 
ill ilu! quality of tin- waiiTinay huHU'n ; Imi in rivurn, 
if ila; i^ruwih in Uhi luxuriant, tlm llcnv of llu* stroiim 
may be ndani^'d ami Ihr water miiv be* foulod by llio 
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Fill l'» a, ft, *i, 10, iiV. Itihv^^'ahi ; H. Wrf,ir»-llrt : II, UH, 

''iQnmu-rmi 1 1 * 1 . l V4il*-fv;^ i lU, IF 1?^. It*. tH. m, pm- 
t<-rm : th--.twy , 0, . IV, V* *«'j| ; -O, IliUr ; 

|H. V'\ yy Vt%*'i>ihh‘ rirrin, {AfU*r llii-riiill.) 

deeiiy xvliieli wmibl then t.ako ]daer, A Vfi*y pood 

idi'fi ««f til*- ^■lliUM»•f^T "f n Hlrciitii or rivt-r ni;iy l»n 
fitriiiH'i from »n iiih]»Ttion of slio Iiiii<i« of jiluiitH 
tfrowiiii' on ilH J«ink.<<. WIh ii mi<}i yrowtii in very 
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luxuriant, and tliu ntaniH and Iravnh ul flu* plaulH an* 
Bucciileni, tlaui a pcdlutioa of tla* rivvr \uili 
in to be A punt uunuiiaiu Hlreaia .shown 

cither no, or only vctry ttuiiieil anti Vi-golaUrui. 



Hc](I;(ch unci ftapH grow in a water wliieh in rtno 
ning aiui iierafecL Sniallof mal fuarHli plants 

indicate a Iirrnvio peafv, alagnafil water, which ih 
prcibahly tinwIioleHoiiie for drinkiino 





l|.. I. -h lh-;-.ius<i': . '1. -I I, I ^ij*t*4}ifi : n* Ijifiih^'^riii *, 7, 1>rt|»l»i}}ii 
f iiss |\.33ii4r*^^;-?t;vrj|}| : Iff. Muv.rjslur libri' ; 
II, V< .sMr lif, i'*dtf»u lilifi' ; 1*1, 

14^. r -la'tiiii , ti, i J.}.. ?rm Irtii 

itvrimunnlly tliHhf^ mmk in fltn rluitk lii'lf*iif»:iii|,: in thn 
Kfiif. Wiitrr foiiijiiiiiv, vii’14 wali^rH i^liriwirii.^ fiiij|.|riicl 
filiiiiiiiitfi mill II fi-iv ; f.iii%M^ urn ffiiiiid in Out 

i4f"ftiiiii*iilHi*f wiitrrf4, %iliirli H.iiiii"tiiiii‘HC‘uritniii iihn 
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Htich accidental origin, and can be prevented by 
cov(iring the ’vvolL In I(?hh pure watorn onci frcnjuently 
Inula that in the darkne,HH ot the water-pipe lilanientH 
of conBi(l(^rahle haiglh grow, and Hometinu^H to Bucli an 
ext(!nt that the valvcta and tapa h(*eomfi choked. 

It in very important that all drinking walera nned 
by man Bhould he k(q>t away front animfiln, m paranitic 
inaladi(‘H, liln^ tapeworm and Ijydalid diHcniBe, hav(i 
been frequently traced bt water whic.h han been 
pollnt(*d in Huh way. I>ogB are eHimcially liable to 
Huc.h disiuiseH, and in Qin'ennland it in said that the 
Hhepluirdn, while not too particular an to thcj watca* I 

they drink, refuHc? to make uh<» (d any which hojirH 
(•vidence of liaving laa*n diamk by a dog. Bhca’p and T 

other auiiualH may alno convey paraBitcH, bo that it in 
iiuperative to avoid drinkinr'j any pond or brook 
water unleBH it han been rdbaanl tu* boilicL The 
danger in more imminent in tropical counf rieH, an in 
India, wliere tint ova. of a tiinria, or Lind of thread- 
worm, Inive been several timeg diHcovered in the 
watiU’H of laiiliH and Bln-ama. draenuenlu^, ilaj 

guinea- worm, waa proved by ilirneli to be com- 
municated by drinking the foul wiifi^r <d htreiiuiH. 

I^Iany oilier Hperiea jatniHitie wormn have alno been 
tracc»d to ami aniiiialg ofleii BtifTer from 

epidemics which have cadginafetl in lliia way iFig. IIT). 

FroHli-wiiter Bpongeg occur iiH gofi, Jibroiia iimHHcm of 
brown or greeniHli cobmr in tanka and waler-luitte 
where the lif|ui«i m continually in motion. When 
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they the spiculcH which form their Hiipportiuf^ 
Hkuletons arc lilierated, and may he d(!te(d,<Hl in the 
water sediment liy tin; microscope as minute poinhul 
bodies of characteristic sliape (Fig. la, No. 15). The 
brown or grey sponges occasionally grow in water- 
mains and cause ohstruction, and the products of 
their growth and decay contaminate the water, and 



Fig. 1G. iHirahiiif* wonun. r/, latun; r, 

Astraris ; //, Osyiirin vt^’iiiiruIariH ; /% 'rrit-hofutphahm 

dispar;/, f/, //, Anchylo.stniuuiu in htdigfH. 


(K'casion an un|)l<*asadii (Hloiir and tasic!. Unty ihrivc} 
most in suininnr, and will not. i^row in a waior pro- 
jH'iiy and thorafoni fro<! from ilm orf.taniHnm 

which constitute tlioir food ; ('onHCijumitly ilio pn'Hcn<'.(s 
of H})on^a5 s|»icnlcH in a Hodinionf in a IkmI iinticatifin. 

The Hanitary hippific'aiicf* id tim prcwnco of living 
orgadUhiTiH in water rcHls chiefly in fin* fact tliaJ. when* 
they aro thriving tliorit niusi an ailnijuati* HUppIy of 
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tlifur appropriates foori Oraon alg^B require the 
pniHc'Ure of (‘(aiHidea’able quantilieg of mineral iii« 
gretlitailH, Hindi an lime, nallH of pedasnium, ammonia, 
ainl nitraieH, which can all ho derived from sewage, 
while (‘cria in crnslacea and infimoria fiaal upon solid 
organic matfer tnnh a-going decay, 

A gria’ii unicellular alga, a HpC‘cir*B of protococcus, is 
frequently He«*n lanuniHting decanters in which water 
has heen allowed to Htaml. 

It is found that the growth of greiai algie can 
he pia’Ventini hy excluding light from the wiiiv.r 
during htm-io'e. With this ohjeci, as well as to protect 
from rtuid and Hmoke and to previmt frei’zing in winter, 
rf'NeTVoirf4 ami wells are often covered over with hriek 
arches, (hi the oilier hand, the heneiicial etTect of 
ligjii in dehtroying Iho germs of diKeasri (]). UtO) is 
ill this way hindered at lost. The algie are infinitely 
less dangcrmia than i}w pathogenic hiicteria, and as 
they umiouliiedly cauee a dieappeariincii of HfUiie of 
lint orgiinic matti^r present, their presence may he 
iieidnl in soitie mwm. 

fir, C'L Hlrohmeyer finds at the Hiimiuirg water- 
wnrliH tliiil: the green algie lire very idhadJve agents 
ill reiiioviii|%4iactiu*ia from the W’lder. In soiiie cases 
lliij iviilfu* IniH heen remlensl pracli^j-idly sterile in this 
way. And it is HUgge.Nted hy Hr. Keiiiiia tliiit the 
cixygeiii cir po^nihly or^riiiiq liheniti^d hy llie algie hriiigs 
iihotil liii» rerttilL Algie lire especially iihiiiidiinfc on 
tliii itirfiicii of fi!ter-k:fds* and. difTererit spisuf^s apjiitiir 
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regularly at different seasons. Ilydrodictijon^ a green 
form having a hexagonal network, seeniB to bo moHt 
useful in this respect (p, 176). 

The most important of the solid bodies present in 
water are the vegetable organisms called bacteria, 
which are usually invisible to the naked eye and to 
the lower powers of the microscope. Under liighor 
powers, they appear as minute points or as moving 
rods, which congregate together into groups and lines, 
but sometimes associate in pairs or form long seg- 
mented filaments (p. 282). To make out their fonu 
and structure requires the highest powers, with the 
aid of immersion lensos and special illumination. 
Even then these minute forms of life frecimmtly so 
resemble one another that further experimentB lire 
necessary l>eforo it is possible to form any concluBions 
as to the species to whicli they belong. Tlieir cultiva- 
tion and isolation require considerable care, and their 
importance has increased since the discovery of the 
close connections which exist between certain disoaHos 
and these microbes. A bacteriological examination 
of a water is therefore as necessary as a chcnnical 
analysis, if it is required to ascertain the absence or 
presence of specific diseaBO-producing orga|iiHms. 

It is a familiar fact that yeast is capable of con- 
verting sugar into alcoliol and carbonic acid, and that, 
when examined under the microscope, it is seen to 
consist of round cells of a species of fungus called 
SaccharomyciB, or Tarula^ cereA’i$ue, Many yciars ago, 
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I)()beroincr proved that, before alcohol waB formed, an 
iniernuHliale body calbnl **inv(n*t Bugar'' wan produced, 
and other inveHligalorB mdiccnl that niniilar chujp^U3H 
could 1)0 (dTectcMl in ntarcli without the i>roHenee of any 
living coIIh, provided a Hub.Hlance calhj/i <liaHta.He, 
which existH in malt, was preHont* Jdelug argued 
from ihoBO iliat diHitaseH ruight have a Himilar 

origin, and, from the id('a of Hut ilier>ry wan 

called caialyiic.’’ It wan conH<e|uentIy recoguined 
that matiy maiicu’H undc?rg(»ing change coubl |)ropagato 
that changC3 to other uuKtahle molecuileH near tluum 
fliHCtaHOH were tluu'efore pn^Hunuid to he due to the 
action of organic hu’iuentH, or ** env.yinr^s/' from which 
idea Huch alTeclionH went lerimal ** r//we/ir ’* 
yeaHt), a tcuun whicdi in aiill rcttained. An a conwi- 
((uenc(3 of thin llu-ory, all organic miiffer in watcfrn 
waB lofdced upon with HUHpicJon, and the, determination 
of its amount by clnuuh'al analvHiH wan regarded m 
a mea, Hure, (d the wboh-tHomemjHH or ollierwiae of a 
potable waicu". 

But Baateiir HulaHcquenily found that^, }'>rovidc*d the 
living ccHh of yeaHt wc^re excduded, no bfiineniiition 
took place, and that HuImtanceH and teiu|ieratureH 
whicdi lumbered the growlii of the ffmieni iiIho 
liindered tlie cliange* infj^ abadiol and carbonic aciil ; 
that, in fact, the fitniinntation wiih a viiiil act of 
iisBimilation and excretion mi the part of iha fimgiiH, 
that the sugar wan really its food, iiiui ilie other 
products its excreta. He furihiir demonHiraied that 
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geriXLs conveyed by dust and from water were the 
causes of change in milk, blood, broth, &c., and if 
the gerixis were killed by boiling or removed by careful 
filiration^ and the liquids, contained in a perfectly 
clean *V"essel or one that had been sterilised by heat, 
were ttien protected from dust by plugs of sterilised 
cotton wool, that then the fluids, although perfectly 
accessible to air filtered through the wool, would 
remain without putrefaction for an indefinite period. 
Since disease presented many analogies to putrefaction, 
he developed the germ or microbic theory of disease, 
wliicla tras been established by subsequent investigators 
for several of the more dangerous diseases, and is 
believed to explain the origin of many others. 

Paste nr himself and his pupils, by long-continued 
investigations, succeeded in demonstrating the exist- 
ence of bacteria in the blood and tissues of infected 
patients, and by inoculating animals with cultivations 
of these bacteria proved that they were pathogenic, 
or capable of re-producing the symptoms of the 
disease. Avery large number of bacteria have thus 
been stndied, and their characteristics described, but 
subseqnent research has shown that in some cases 
what bLaTe been described as apparently different 
forms are merely transitional stages in the life 
history of a single species. The variation in the 
conditions under which the organism lives, the 
temperature and the food, and other circumstances, 
have to be carefully studied before the true nature of 
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the spccioH can bo aHcortained. In Homo caHOH these 
variatioriH produce Huch changcrt in tlio pliyHiological 
actiori and Htnicturo of tint ors'aniHm that its nature 
is entirely altered. Tlnm the bacilli of anthrax, or 
wooI-Hortera’ diseaHo, KometimoH pUHH into what is 
known as the spore condition, and in thin Ktate, 
according to Koch, will remain d<»nnant f(»r montliH, 
perhapH for yearH, until they reacii the teniperaturo 
of 10 ' (]. (02 * J’’.), when they will uKuin commence to 
grow and multijdy. The mature cirganiHiiiH, on the 
other hand, when placed in ThamcH water at 12 C., 
according to PiU'ey Frankland, disappeiir in htsH than 
five days ; they are also killed by a much lowin' tem- 
poraturo than that which destroyH the Hpores. Ah a 
general rule, tho Kpores of baideria, like the Heedn of 
higher plants, are posHOHsed of much greater vitality 
than the fully developed organi»ni, the latter being 
killed by a temperature of liO (h or Ichh, and more 
oaHily doHlroyed liy diHinfnctuntH, while tho Hitonm can 
withstiind any Uiinperattu-o below that of boiling water 
for a considerable time, and are also Iosh affected by 
chemic.al roageJits. Cold and dryness have little effect 
on tho HporcH. On account of tluH variability, although 
tho ntimbor of Hpcicios of bacteria have been greatly 
redueod, tho difliculty of idoutifying a particular 
bacillus and following its lifo history is very con- 
Hiderably augmented. 

It Ih only a few bacteria which, up to tho proHont 
time, have been definitely branded as “ germa of 
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disease.” As all natural waters contain inicrohos, and 
some immense numbers of them, and as they are 
almost universally distributed through the air and 
in our food, it is fortunate that tho majority are 
harmless and even useful to man by dostroying 
organic matter, ■which they turn into earljonic acid, 
water, ammonia, and nitrates. It is also more tluui 
probable that these harmless bacteria which exist in 
waters wage war upon any pathogenic organisms 
that may be present, either by starving them out or 
by poisoning them with tho products they excrete. 
In this latter way they even I'cnder tho water unlit 
for themselves to live in, and dying, sink with the 
sediment to the bottom. Such a process naturally 
happens in settling reservoirs. I’ercy Frankland 
demonstrated that ordinary surface waters, like that 
of the Thames, were capable of i-apidly getting rid of 
certain injurious bacteria, independently of tho further 
multiplication of the common water organisms, and, 
therefore, atfa-ibuted the action not to “crowding out,” 
or “ struggle for existence,” but to the elaboration of 
products by tho latter, and possihly also hy vogetable 
life, which are inimical to, for example, tho typhoid 
bacillus. Frankland added this organism to Thames 
water, and found that it disappeared in nine to thirhien 
days, whereas in the purer deep well water of the 
Kent Company it survived for thirty-thre«! to thirty- 
nine days {PracealimjH Iloyal Hudcti/, Ivi. 51 :)). 

The fact that the excretory products of bacteria are 
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inimical to bru*ti*ria tlieniHf^vtjB is the fniiiiclation of 
tli(^ pniceBH($H of iiioculatiun a^^ainst (liHoaHO. The 
microhim are prown ahundantly in a ** culture 
miKliuin/* which in filtered tIirou*di porcelain to 
remove the oi7,^aiiiHmH, and the lii|uid containing the 
product of their liveg in found on injoctimi into the 
veinn of animiilH to he more or Ichh iirotective against 
tludr future innaids, Ihudau^c, indeed, has termed 
theme hiu’leria ** the Hcavcuigers of the waters/' 
Natural juirification, then, hy Huhsidf*nca% light (|>. IhO), 
oxidation, and life action, accounlH for the fact that, 
though myriads of diHeane gitmiH must pass into 
rivers from the draimigc^ and sewage polluting their 
upper cemrse, tlmy can riirely he discoverc'd in ilie 
water afim* a flow of a hnv mihm, j)r» Tidy contended 
that a few miles of flow wm'o sulTiciiUit to imrify any 
river, hut the eontemtiim i« not a safe oii«% since, if 
any Burvivi*, transplantation into purified watitr will 
cause tlumi to recoiunifmce multiplicaiion with extra- 
ordinary vigour, and may give rise to a fresh outlirealc. 
Many epidemies whicdi liax^e often Buddenly occurred 
may be explained in this way. It is also iiiiporliirit 
to note that a water is not rutceBsarily wlioleicime 
hecaiise by bacteriological examiniition it m found to 
he sterile, or free from microhes, as in fJiat cawci a 
** sterilised ''—f.c., perfectly filtered or lieatcid— si'Wiigfi 
would ho fit fill* drinking, whereas it luiglit Im pcdsonoiis 
from the presence of ** ptomiuiiem/* or other products 
of baetarkl growth, or niiglit lie injiirifuis from. 
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excessive quantities of mineral salts. A chomical 
analysis is, therefore, always necessary, in addition to 
a bacteriological examination, before a reliable opinion 
can be formed upon the purity of a water. 

The distribution of bacteria in water is rnodifiod by 
every shower of rain, as tho rain carries down largo 
numbers of organisms or their spores floating in tho 
air. Miquel, Hare, and othors have shown that tluj 
number of micro-organisms in the air rapidly deercasoH 
as we ascend ; therefore the water of upland surfaces 
at first contains very few. Surface waters that aro 
still or in very slow motion develop large numbers ; 
but as they are always depositing, in Iak(!S tluiy aro 
almost absent. Itapid streams flowing over grav(dly 
beds generally become purified from microbes, though 
they may be turbid from mineral matter, and springs 
at their origin aro usually free from life. Jtivors 
contain the drainage of their entire basins, and must 
necessarily hold a collection of all tho surviving 
organisms of the land, of tho air, and of the towns 
and villages that they have passed. A river in flood 
contains, of course, a larger number and variitty tliuu 
at ordinary times. Sea water has fewer nuerfdajH, 
and is a conspicuous example of a wattir that would 
pass a bacteriological examination and yet would not 
be potable. 

Among zymotic disfiasns which have been directly 
traced to special baetcuda in drinking water aro Asiatic 
cholera and typhoid fever, whilst diphtheria has laa-n 
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|)rc>vci(l to originalcid from impure milk. In 
imi!iy C)ilu*r diHeiiHUH the tumHaiion hy watctr in almont 
rertidn, idthutii^li Urn haeillun ha« nrit hecn found. 
Tliitre urn a largo numhi'r of ii'intiincoH in. whicdi 
ty|dmi<l m^vnin to havti hoon Hpoeiiilly d'uo to Imd 
water. .^luiiy (if thorn are given in tho rcfjiortH of the 
Modiral (Hhritr of Ihiilth of tho Local Government 
Loanl from iHiiH to tho pri^Hoiii liiii(o'*‘ 

Tlui liiicilluH of anthrax, or Hplonic fe.ver, ig of 
ccimiuon occiirninco in hair. wrad. and fur, and ig 
ciiiHily triingfm*red to wa!(u% in which ilH Hporcm wcsre 
found liy P. Franklaml to l>e capaldo of Burviving feu* 
two yearg, hegidim (Uidiiring grt*at variiilimug of hiin- 
lierature, Ati outhreak of tho diHoiiBci in Wuriiunhurg 
{ZatMfhriJt Jtir viii. 17^) wan traceal hy 

lioU to water, while Liatrophdl found tlici JJacilluH 
anthraciB in the mud of a gpring {Anmihn dr VInutiiut 
lhmt4mi\ IHtei, p. 2H<i). Conmaimuilly tliero in danger 
of thig dmeiiBii being trangniitied lo a river water from 
w*oaI-Eemiring (jr fur factorkiB or liinnindeB on its hankg. 
Fatal ciiBCiB of anilirax, or wool-Borterg' digeiigo,*' 
periodically oeemr in London. 

The outbreak of enterie fever in the Term valley in 
lBlll-2 ig II good illuBtration of a water*liciriie epidemk. 
According to Dr. Harry, tivo Biidderi and iriiirkcicl 
cmthurntg of thin diBoaHO occurred at ii tiiiiii of year 
when tlioy wore not uauaL Tlie locaiitiiig wipplicid 
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with water from the Tees Hiiflhrod very htiavily, while 
others not so sui^plicd oHcaped. Tliis river is Huhjfud 
to the grossest fouling })y liuiiiiin excreta, and, 
previous to the epidemics, sudden fIeod.s washed vast 
masses of filth which had lajen accumulating on its 
hanks down tho stream up to and past the points 
of into.ke from w’licre tho wakir was lahng piinipcid, 
after a doubtful filtration through graved and sand, 
and delivered to certain jjopulations. It was thesfi 
liopulations that stiffcjred from tho exceptional pre- 
valence of enteric fever. Dr. Tiiorno Thorne nsmarks, 
“ Seldom has the relation of water so hcfouled to 
the wholesale occurrence of enteric disease heen 
more obvious ” (Deport of tho Afedical Oflicer to tho 
Local Government Board, IHUI)). This eviileiico, 
however, was not deemed conclusiv'o hy tho Koyal 
Commission on tho Metropolitan Water Supply. 

Although typhoid is, without douht, water-horne, the 
difficulties attending tho isolation and identification 
of the typhoid laicillus make it often impossihle to 
prove its presenco in wattsrs which have certainly 
heen the source of tho disease. On removal, howf-ver, 
of tlie pollution, the disease has <liHap[iear(!d, so that 
tho connection is undouhted. Although it appears to 
ho established that organisms survive for long periods 
in soil, they die rapidly both in sewftrs and rivfirs. 
Parry Laws and Andrewes, in a report lo the London 
County Council, I)e,c., IH'H, Htate that tlmy failed 
to find the typhoid hucilhis on careful hacteriologieiU 


WA TER EUklEK VI ’/ /( V\V 


5 ^ 

aiialyBiH ol umny HowagoH, ainl only diHCovorttcl it in 
Hiiwai'y. from iiiu main drain of thit Honiorton lynsidtal 
whiiii forty ranoa won* nn?I<.tr and tho 

diHinfrriioii nf iiio liiul piirjJOHi'ly linrn din- 

rontinurti fur two dayn pruviuuHly. Ah lu idadnra, 
tlin rrpfjrtH id tluj vihituiiuiiH of IHo-t and iHiiii, and 
tho oi'Hchanii* of Ha.ial?ui>i; in 1HM2, loavo no thniht 
an to tlio apiiM’V of wau-r in i>ro]iHputinp tin* di,>io;iHcn 
A groat roiinhor of haofuriii livti in noil, a fow of 
thoin paihogfndo, suoh an pifutjrni% 

nnrr.m^ an organinm ilinl mny !hi tln^ oaiino woundn 
fanicn'ing ho froquonlly wlion dirt ont.M*H thonn ThoHo 
haotiiria naturally find ihtnr way inti.) Ihy wiifrtr td 
shallow woIIh. Among Iho iiiiOiy wiiyg in whicdi 
dangoroUH iirganiHiuH may gain atlmiHHirai to wator, 
dniiniigo from cullivatf'd ami OHja^idally maiiurod 
larul, Howago of townn, OfHHpoolH» privioH along tlio 
liankn of HtroamH, niiiiiiak drinking from or din- 
(diarging into woHh, HiiringH, or \vatiaT.rHn>f*'V* nnd 
the lloaiirig dimt of flio atiiioHjihorn am thn nioHi 
prominotii 

* Umhhn %nthmt iiad Vy|»ljr4*k r|ir4rni, 

and d}|4if.li**ria liiiv*? tluiJi *K*-rao^*is«'d in aniiiial's mid in ii-raijii 
mimm liivvci hmu iindniiUi^dly tranj4f«rri:di by ib»^ir iiiilk nr IbtHfi in 


CHAPTER III. 

DIFFERENT KINDS OF WATER, 

Natubal \Yaters ma,y be classified as : 

1. Bain water, or that which is precipitated from 
tlae atmosphere iirder any conditions, as dew, frost, 
sxLOw or hail. 

2. Surjctce ivater : all collections in free contact with 
tlae atmosphere : streams, lakes, ponds and ditches. 

3. Subsoil or govmd water^ not in free contact with 
tlae atmosphere, percolating or flowing through the 
soil or rock at a moderate distance below the surface, 
mnd derived in great part from the rain or surface 
water of the district - 

4. JDecF s'Rring or artesian xvater, accumulated at a 
considerable distance below the surface, the subsoil 
water having been excluded by difficultly permeable 
strata. 

6. Mineral water's, seazoater, and that of saline lakes. 

When any of these Tarieties are heated in a glass 
vressel, it will be noticed that bubbles form and ascend 
tlirough the liquid : these are mainly oxygen and 
nitrogen dissolved from air, and liberated because 
gases are more soluble in cold than in hot liquids. 
Bubbles of steam next appear below and at fiirst con- 
dense higher in the liquid, but as the heat increases 


uvtn-./c 

they at lant luouat to lha nurfacf. and lhc‘ liquia 

If an uppuratuH 1»' arran}'*til wi tliat tho Htcani Khali 
nuHH thrn,u-.h a '* «nnu.- »*r tuhn. Hnrrnnn.hal -y «<«ia 

lat.T. it iK i-oKKihl.. tu .-..n.-rl any cjnantity of tluM'.m- 
a..nH«l Ktnaiu (Fi;'. 17 ). Tin- w.nn Khouhl !«= n tm 
n„.t iin-l.lat.-l nr Hton.-wara, nn an'.nnt l.ad, 
l....ausn thiK inHai is -aMiv an.l .'nnlannnataH 
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th.) water, 'n.a noli-l lanlinH in watc-r ar.| m.l v|nh»Ailu 
at thft hoiling te)iii«^raturiv, cnnM*'i'‘* "lb ^ '*• ' ^ 

watcn- iH fran frmn all Halid matter, an.-h an Halt < u- 
hotnilfl of lima, &<■•. and otdy oot.tiuns Hoino. of tho 
,«KrH of tho water. DiatiHalion Ihoriforo .h uh.« 
for lunifvinK waUa-n Un- ohoiniral lairimHo^K ami ha 
niukin}? h-o ami Homo aorat. il lH.vorag*<K, alno at wa. 
or whorovr.r it in noooHHury to oldam froHh wate. 
from that whi<’h ia too hhH or foul to clrnm. 
hard to ho uHod in Hteam boilora. Uy mulDplo 
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evaporatorn, Biu‘h an tha Yuryan, lariat of 

distillcal wai«*r can bo obtained; but thin litjuid in not 
pleasant, to drink, liavin^ a llid and Homoiinic^H bnrnt 
taste from tlie coiiliici witii heatod motal, whib? any 
natural odour of tlio water in inteiihiliod. Distilled 
water also aitncdcH lead ver}* rapidly, and therefore 
inuBt not bo convened in pipes or siori‘d in cdste.ruH 
of that raelab It cun be aerutisl an<i thus rcuidercsl 
more palatable liy shaking vigorously with air, or 
bettor by being allowf^d to trickle oven* a lf>ng column 
of granular chan^oil, with a current of iiltered air 
passing upwaials, m is done at. «(*a. 

The author finds that a Hinall <|uantity of Idcarhonaio 
of Boda, about two grains per gallon, gives a palatable 
result, winch is improved hy adding about two dro|m 
to the gallon of pinr hydrochloric acid, previously 
diluted to about 10 per cent, strength. In thiH way a 
minute quantity of sodium chloride (common salt) is 
formed, which is, of courHc, innocuous, and commiuii- 
cates an agreeable slight flavour, while ilio carhoniit 
acid liberated Bupplies the dofudent pi^juancy. Hu<di 
water obtainc^d from a simple portabbt still, heated 
over the camp fire, in useful in expcidithms through 
countrieH where tin* natural wat«ir is malarial or 
saline. TTie first |HirtioiiH diHiillcjd nhould always he 
rejected, and the di»tilliilion not carried lor^far. It is 
in many canes porfiadly possible to arrangf? a constant 
supply of water from a tank olevatial on a pole support. 
Bicarbonate of soda and lijdrachloricaeid could alwayt 
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ha earriad, m iluj ara almani iiulinpc^itj^alile for other 
purpoHOB. Tlic* wat(?r ko yialdi-d would ho niore whole- 
iomo than any that could ho (jlifaincd hy filtration. 

ConthuiHori water frenu Hlium eiigiiicm in ahvayg con- 
liiiuinaliHl with oil, aiul in iltoroforo giuierally not of 
Tuiudi value. 

If huH hcfii nhown that many germB multiply more 
rapidly in dintilh^d than in ordinar}" wiiter. Hence the 
former in haind to hiaanae rapidly foul and ill-taHted 
when cexpoHcd to the air. 

llmnwatrr.—h proceen fCiiudly piirallel to the above 
!h criiitimially going on in nature. Whenever water 
ia c^xpoHetl to the air at any temperature, it in always 
evaporating! and ho much tin* faster flie. more Hurfaco 
is expoHc^d, an may easily la* nhown hy the. rapidity 
with wliicdi spilt wahu* ilrien up wlimi H|iread out in a 
thin layer hy a cloth. Ah in arlificia! diHlillation, the 
Holid matferH remain hf*hinch while the liquid riniiig 
into the aliuoHi»here collectH in cdoudB, from whicli it 
deHcends m rain, or BometimeHaK snow or liaiL Itain, 
thercffore, Bhould ho the Hame m diHlilled water werci 
it not iliat it ciirrieB dowm with it moat of llii.! dust of 
tlm almoBphero and variouii giirma whidi liavci heen 
iloating in the air, and ako a c|Uiiiilily of the giiHtiB of 
the air. Out in tho open country the rain m of con- 
fiideralile luirity m regards solid iniitierH, hencci it in 
iilmoBt ja*rfe(*fly soft, hut it contaiim Boiiiciwliat large 
fliiantiiieB of ammonia and vnrying fniicninils of 
nitratei and nitrites (according to the electrical 
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condition of tho atrnoHplioro), lioHidoH tho gorme and 
other eoiiHtitucnts of tho duafc. Those aolid im{)uritios 
are less in aniomit tho groatcjr tho olcvution, hut aro 
never oiilircly ahaont, aovorul olmctm'i'H liaviiig found 
thorn in water ooiheted at th<! groateat luaglit (ivor 
reached hy a haliooii. In fact, Aitkon and othora liavo 
experimtaitally eliowtt that aolid parlic.hsH aro ahno- 
lutely noeoKHary hi-foro oondtiUHation of aqiutoiiH vapour 
can take place. Itainwatfjr, aa is well known, in 
admirably Huitod for wuahing, on account of itss'ift- 
ncHS, but it poHSOHKOB tho aainu faultHof uiipalatabilii.y 
and of attacking lead that are Hhown by diatilhid 
water, and requiiam to ho treated in tho Hatno way 
when U8(jd for drinking. Under tho inicroKcopo rain- 
water shows rninuhi sandy partiedos, boliovod to he 
meteoric dust, which is over present in tho remotest 
alpine regions (Tyndall), fragnututs of decayed and 
dried vogotahio tissue, occaHionally animal hairs, 
pollen granules, small instadH, sjioros of fungi, ami 
always bacteria. On account of the aTinnoiiia which 
forms their food, the latter rajiidly multiply, and 
render tlie stored water so polluted that rainwater 
should always he fillei-ed through a geriii -proof iiltor 
when required for drinking pinqsises. Ncuir the sea 
tlio rain contains salt, carried hy the winds from the 
spray of tho waves.* In tho mdghhourhood of towns 

* Rtiring a litonii I'rxf'-iismr Uhtirch ft.iitid (.lift rain tliirty-fivci 
niiliM fri.rn tho r-i a t t,<. o.iiOeii O ii'i imi ! i. i» r loe.ofMi .,f ciiti.i iiKi, (leii 
proliably to a nyakiau of mru hpray. Hitch water w<iii!<I a!:(i) !«■ hard. 
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it is Often oxec‘ecliii».tly dirty from Boot and the products 
of respiratioii, and is then cinito unfit for waBliinfj^ until 
it has been Blrained. It is also acid from the prenence 
of Bulidiuric acid derivt^d fnun tlie Kuljdiur in coal. 

AngUH Hmiih found in lOOdHK) partnot London rain- 
\vatc?r two parts of Hulphuric acid, in iMan<dieHti*r and 
Liverpool four to five, ami in Cllasf.'^cnv cdi^hfc parts. 
Huch rain whcui it falls on hnihlingH disHolves lime, 
iron, lead, &c., from lint nmfs, walls, gutters, and 
pipes, and, liesidos containing much soot and tarry 
matter, may hecmne vm*y hard. S/mir is even more 
impure, as after falling it ahsorhs gases and dust from 
tlio atmosphere. The foulm-SH of tlie water that is 
melted from London snow is a gcaal f'xample of how 
gnait may la* the contaminalion caimed in iiiis way. 

After the rain lias fallen for some iiim* and lias 
cilTiHded a cleansing of the atmosphiU'e, it hecomes 
mmdi jnirer even in luwim. In country districts and 
in arh! regions especially, rainwater is f»f great value, 
and should he collect(?d witli care in gutterH regularly 
frcKtd from the drofipings of Idrds and from dead 
leaves and dust, and stored in tanks or luirrelHcharrcslor 
tarred iimide. Witli these precautions, rainwater should 
he much more than at present. In somci parts 
of Bmith Afrii'a it is tint mily good supply iittiiinalde, 
and is collecded from the roofs of farmH iind (luihiiild- 
ings by means of galvanised iron or tiirred wood 
gutters. Venice? and many other contirieiiial cities 
are still supplied with rainwaier ladli from ptildic and 
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,tG reservoirs, wliich are conunonly cuiiHf.ru<*i(ul 
rground. In fTerusalom evc*.ry Iiouho Is built/ ovcu* 
\vn cistern; many have three or four, or evon 
, the whole Biix)ply of water for tho eonsumidiciii 
,ch family in a year being coiii-aimul in iluaa. 
je cisterns are stone chain 
generally vaulted, into 
:i the rains that fall on the 
erracos drain. Tho liousc^s 
lamp and unlioalihy, and 
is almost univcirsal. Some 
irovided with sand iilhn-s, 
which the (dcru* wa.hn- niiiH 
cover(ul wells. I’lic} mu'es- 
)f a reservoir is dmi to the 
tliat otlierwise, on a,e.('ount 
c extended Burfaiaj of eol- 
►n, evaporation would curry 
le wakn* as fast as it falls, 
ihoiises in many rural dis- 
. in Enghuid collect tin* Ki.*. ih. 

: from tluj roofs in under- StuiHbrU nuu cina:**. 
id brick or ceinent c.istmiis iindieal oVfU% hmu 
1 it is pumped into the houses, whm’e it is used 
antly for washing, cooking, ami ieauuaking, for 
I piirpoHc^s it is eBpccn'uIly suiiubb* from its 
Afhir Huhsidence it is cb*ai% and is evmi used 
[rinking in timem of scarcity. Huu-ii are luuny 
ar arrarigornentB in the mdgh!K)ur!io<fd of famdoii. 
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limn A funii UHi^ii iis ?^fi‘ir‘orc)logi(*fil 

()Oic«‘ luiH a riirnlar iiij'lal fight. iiifJajH in 

diiiMu^lfr, frrnn diiht and «rvajan*a!ifni hy a 

n!n:'-.fly lilting nn^fal cylindfr, at hnih nndB and 
rfurhing ahniil hix iiadH'H ahnVn Ihn fuiiiifl. Thn 
.siinph* fttnii (Mg. iHt has a rim dirf^rtf^d iiiwurdH to 
prf^Vfiii hy Hjdaidun».». din* uri-a wnnlil ho ahout 
6(1 Hq. in. if rnumL or fU if hqnnro, Largm* gaugos 
am uHUuJl}' ininHurod hy a ll»ail iiint tin h whiio for 
orfOlinncniH ohfa’rvatioJiH lodf-ri^fMirdiiig indruinontB, 
Hlu ^ Ih*rdih'y*H and Itirharda’, iniiMi ho fmjih>yod, Tho 
Ihitlmmjrdfud gniiigo. in an iiivortod holhnv pyrujuid 
(d ('(incidi'd hritdc, with a him mf;!i.hnring i */,,,■■, aaro. 
d‘ho ahtn'o ihii Boa iiui.Hl ho ri/aurdod, hh at the 

top of a haihling li?BH rain in rolli'i'lnl thfin at tho 
Ind.lonif owing poBHildy in iho hnM!-r iavorn of iho 
atmoHphfoai hoing gi'iai'iilly moro anliirairal with 
naiiidarn than tlioHii iihovn, 

Thu aiaonnt oollorlf-tl in 2-1 linnrB, iiiitaHiirod in 
iiicdiiiBi givi’B dir«'at!y, or liy oaloiiiaii^ao lias tbpili 
in the* layor of rain that would form over a wliolci 
Icnid country, if iiono wore h.jiit* Tiu! iitimlierH for 
111! Ilia ditya adfled togelhor give the aumml riiiiifsilh 
wliicli varif^H conBidariilily, kdiig in l.a*iirloii alioiit 
twcaiiydivo incliOH, in hilly diBlriclH forty to fifty, ivith 
an liveragii for thci wholo of Engliind of ahoiit Ihirfy 
iiiclicH, At .Horrowdale, (Jumhifrlinifi, it m 14(1, wliiitj 
at Chiirriipungi in AaBaiii it is tlici Immhhi liiiowig 
iianioly OOO inchos. It also vuriort froin iiionlli to 
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month, being greatest generally in Noveinlxsr. Tht; 
rain which falls on roofs measurcH from two and a. 
half to three gallons per day for eacli pea sou,* jih 
compared with the ordinary town supply of 20 to [10 
gals. Yet, being, when carefully collected, a watco’ 
naturally very soft, and therefore specj'ally suited for 
washing, cooking, and trade uses, it is a great 
extravagance to allow it to wash the streets and flush 
the drains, which objects might be serviul (ujiially 
well by surface or sea water. One of tluj great difli- 
culties in sewage disposal is the needless volume 
which is received at the works in periods of rain, 
especially when pumping is recpiired. The dilution 
should be effected, not by the uncertain rainfall, but 
by properly anmnged flushing tanks, in which again 
sea water or an 3 ' common surface watcjr could be 
used. 

In country houses, the rainwater can be receivtsd 
in a special automatic seijarator (llobcirts’} fixed to tlu'. 
end gutter of the house, so that the first dirty rain 
that falls is rejected. The collector conHislH of a 
movable bucket, which does riot rec:ov(!r its position 
after the rejection of the first washings, and allows 
the subsequent nearly pure rainwater to be gailutred. 
If the object be, as in certain outlying distrieds, siudi 
as the WeBtern United States and South Africui, to 

Tho following rule h approximato : Amt. of roof in wi, ft,. / 
annual rainfall in ft. -f- 100 = supply in gallons por dny for a vi ry 
dry year. 

w 2 
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collect all available rainfall without loss by evapora- 
tiorij high-pitched roofs and non-absorbent materials 
should be adopted. Slates are the cleanest material, 
and absorb only about 1 per cent, of the water falling 
on them, if they are of good quality, Bangor slates 
being the best ; whereas tiles, besides being heavier, 
take up from 3 to 18 per cent. In the freight to 

distant countries the advan- 
tage of lightness in slate 
has also to be taken into 
consideration. 

The ‘'Patent Standard 
Evaporometer ” of Spencer 
P. Pickering, P.E.S., is de- 
vised for directly measuring 
the volume of water evapo- 
rated from a moist surface : 
A framed sheet of blotting- 
paper is provided with a 
tongue which dips into dis- 
tilled water in the vessel 
beneath. The side tube is 
graduated to indicate the units of volume evapo- 
rated per unit area of paper exposed. It is made by 
Casella (Fig. 19). The rate of evaporation is an 
important factor in reference to the loss of water in 
reservoirs. Tables of evaporation are of very little 
value, as there are so many disturbing influences, 
such as the direction and force of the wind, the 



Fig. 19 . 


Pickering’s Evaporometer. 
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character of the soil, influouco of vegetation, that 
the result is of very local application, and should be 
determined specially for each place and time. 

Surface WateT,—-li must be distinctly undorstood 
that the whole of our Bupply of frcjsh water, or wateu* 
fit for drinking, comes originally from rain. Of tliis 
about one-third is lost by evaporation — dries up— 
and eventually comes down again from the (douds. 
Another third sinks into the ground more or hm 
deeply, and the remaining third runs over tlu», surface 
as streamlets, which unite to form rivers. As it sinks 
into the soil, water, wlikdi is almost a univta-.sa,! 
solvent, takes up the soluble mathjrs wbi{di it imud.s 
with, and becomes, according to the distance to wliich 
it penetrates and the character of the rotiks winch it 
traverses, more and more a solution of the earthy 
constituents, and further departs from tluj purity of 
rainwater. But in its underground courses it under- 
goes a process of natural filtration: solid matters of 
an objectionable charac.t(‘,r are gradually sifted out, 
and the extent to which this natural purification 
has gone makes the difTorenc(} wlncli is rec'ogriisctd, 
although sometimes it is hard to (hdine, between 
surface waters, ground or subsoil waters, d<K!p wabtru. 
and springs. 

Surface water is generally that whicli has pone- 
tratod the coarse alluvial gravel or drift wliich in 
most regions overlies the solid strata. It is erisilj 
obtained by a shallow w^ell, and in the. exteimiori of 
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in foniii'r m in hIiowh !iy aiirly rririjw, 

wiiH so ontir»‘ly a Htiurn* of supply tliiif lim |«j|tiilii- 

iirai fallowoji Ihn furnmn Hfrata or mid 

Ifd’i at firsf. iiuiiilialiilMd tho^o dii’^riflH whiidi Wim 
und<‘rlaid with <*Iay. 

Ihii ihtt daa'.'or fri)ni Hurfitra ivnir^t riiily filiarad 
throufdi- layi’fH of o^'aVf-L and llion-fora ith 

Hiiilicdaiiily IHiarotK iH^aaiitn Mioro j»roiiiiiiiiri''«I wla-n 

lha |}o]aiIaiion aiiaainl of 

tfiouH maltor noakini^ iiilt* Ilia hoiI hi'niiiio 
until ai lant ilia nurfaro witltu' in iiihaidli^d dinirirtH 
WHH actually a miu'o Holniion of tlia Unit liiid 

Koakncl into thn noil from ilia roiinilrHH jtri\di'.H and 
ccmHpoolH, iiial wan rapaldii f»f !raii;’inilli!u^ cm‘r ii 
largo aroa any dinoaHo lliat. niJglit. lift jiritviitonl, 
TIiih fiM'i, wldcdi lia^; hotm ri/jaiilrilly proved in 
imiiioroUH opidomiaH, lial if) flin fd»?Kiiig of i^linllow 
}minpH and woIIh in towng, ovoti u'lnin an orriirrrd 
in Bcuno c*iih<»h, I hoy wi^ro aoiuiilly ja:ijiiilnr from lindr 
hrigldi and apurkling <,diiiriM*tor rpniliiiofi wlii*dn hh 
alroady nliown, iiro !iy no iiif‘aiiH iiioMiiHijwir-iii with 
HcadouH and dangorous poIiiilifUL 

Kvon ill the aoiint.ry, tho Biirfiicai wiAh rif fiiriii- 
liouBOB are inoHtly for eotivoiiioiaai idiiood in eloi^o 
|iroxinnty to piggorirtH, mifldonSi iiinl otlior ,Hoiirta.!H nf 
|Kdlniion, and ovary analyai knows Unit iniioiig liioia* 
Hliallow wcdl HUpplitis Qim iiicioti wdtli miilorii of tlii! 
very worst ty|Kn 

For tliesa roasona siirfiiefi wiitnrs, iirirl wlnil firci 
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called '' land BpringB,” as a class, aro to be rejected as 
unsafe for potable and culinary purposes. Great caro 
must also be exercised to exclude such water from deep 
wells and reservoirs. The means of doing so will be 
further considered. 

Upland sicrface iraters from moors or mountain 
streams are, on the other hand, almost free from 
animal pollution, and where they have risen and 
flowed over the older rocks, like granite and slate, 
they are also peculiarly soft, or freo from lime and 
magnesia salts, not Iniving had time to dissolve 
much solid matter from the soil, but they frequently 
contain much vogcial)lo or peaty matter. Among 
these some of the purest natural waters aro to bo 
found, like the Glasgow and ManclieHU;r supplies, 
and the proposed Loudon supply from Wales, The 
amoimt of dissolved solids in ilie ui)land Burfaee 
waters was found in a B(u*i(is of nearly 200 analyses 
by the llivcrs Commission to vary from about to 
8 parts per 1()(),(}0() from the igneous rocjks, to 
about 15 parts from hIuiIos and sandstonoB, and 
rcac’hed as much as 77*5 parts in waters from 
chalk and limestone hills. The latter, of coursci, 
would possess considorablci hardnoBS. The small 
amount of organic, nitrogen, as well as the almost 
entire absemeo of nitrates and chlorides, proved the 
organic mailer present to bo of v(*g(!ial)lo origin and 
to 1)0 the drahiagfj of uncultivated land, Wliorc 
cultiviition occurs and manure is used the water 
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approximates to the constitution of lowland drainage, 
of rivers, and of shallow wells. In some towns on 
the Tees, where human manure was extensively 
distributed to fertilise the upland districts, the whole 
water supply became so contaminated as to cause 
serious epidemics of enteric or typhoid fever. 

Another example of this is described in the Local 
Government Board Eeport for 189 2-3. In 1891 enteric 
fever attacked Eotherham and two adjoining districts 
in South Yorkshire. It was proved to be almost 
confined to those portions having a certain high-level 
water supply derived from a gathering ground of 
2,200 acres and two springs. The greater part of 
the gathering ground is cultivated, and much of it 
was found to be covered down to the very margin of 
the streams threading their way to the reservoir with 
manure, in which human excreta were detected. Dr. 
Klein, in a bacteriological report, stated, ‘‘ that the 
water is most probably polluted with excrementitious 
matter.” For this reason at Bury and elsewhere 
the policy has been pursued of buying up the farms 
on the watersheds wherever possible, with the result 
that the gathering grounds can be cleared of human 
habitations and freed from any likely sources of 
pollution. It is obvious, however, that unless the 
policy of clearing the watershed were thoroughly 
carried out it would be a delusion, and would not 
obviate the expense and necessity of subsequent 
filtration. In most cases, compulsory powers from 
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Parlianieut would have to be obtained, as the short- 
sighted opposition of local landowners is often 
extreme, and thc?ir deiruinds exorbitant. 

Tliore is a sorious local objection to the ax^propria- 
tion of a largo x>art of the water of an upland surface 
for the use of largo citicB ; thus the new scheme of 
London water supply from Wales has been ohjcctod 
to locally, on the ground that the Wye and the Usk 
would lose a coiiHiderahlo quantity of water, the 8upx)ly 
to Binningliam would ho alhictod, and the salmon 
fisheries of both riv<*.rB injunid. It will be seen, 
however, that a very groat reduction could bo made 
in the waste that occurs iu the water supx)ly of towns, 
and that by using llu! imror mountain %vater exclu- 
sively for drinking, and funploying ordinary waters for 
washing, trade, and Haiut4iry purposes, a much less 
demand would he made on the upland area, and the 
objection would disapxjear. 

When eprings are cut off from a river, the quantity 
of water thus ahstractc.al must be comx^ensated by tlio 
construction of rescu'voirB Buflicdcaitly large to keox) 
up the How of the riv(?r during the dry season, as is 
tiuj practice with carmls, 

! Nutk.- Tlie %^olumo of water absorbed and evapo- 
rated on a gathering ground varies conBicha'ably, so 
that ih(‘, gfjneml Hlaiement, p. OP, which is true as 
ntgardn ilie Tliaiues and Heimg is not by any means 
of uni\’’ersal application.] 


CHAPTER IV. 

SPRINGS AND WELLS. 

All porous materials that are wetted by a liquid are 
capable of retaining it in their interstices by capillary 
attraction,” just as a sponge does, and in the same 
way, when they are saturated, will allow the excess 
to drip out, and when they are compressed will give 
up a further quantity according to the pressure. The 
same is the case with rocks : sandstone, sand, and 
graveP will absorb, as a rule, about one quarter 
of their weight of water without allowing any 
to flow out by gravity before they become saturatecL 
If, afterwards, any further quantity of water flows in 
at one end a corresponding amount flows out at the 
other. But there are certain soils, such as clay, 
which do not allow water to penetrate them readily, 
and are known as ‘impervious strata.” If rocks 
were laid horizontally, the one-third of the rainfall 
that permeates into the ground would be stopped by 
a layer of clay, and would form an underground 
reservoir of what has been called “ground water.” 
But the internal forces acting in the body of the earth 

* The ordinary idea of “ rock ” is something compact and hard, 
hut geologically it is more convenient to speak of all formations of 
the earth’s crust as rocks, and such is the universal custom in 
geological works. 
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have twisted and bent the strata into curves, which 
are called anticlinal when the sides descend away 
from one another, like the letter A, and synclinal 
when they slope towards each other, like a V, the 
highest and lowest points tracing respectively an 
anticlinal or synclinal axis. The angle made with 
the horizon is called the clip, which is expressed in 
degrees, and also described as east, west, &c., accord- 
ing to its bearing. The subsequent action of water 
in denuding or wearing away the upper portions of 
the rock leaves the synclinal curves as basins, with 
the edges of the strata exposed at the surface. The 
line of emergence of a stratum at the surface is called 
its outcrop, and its direction the strike. The outcrop 
on a fiat surface coincides with the strike, but this 
relation is much disturbed by inequalities on the 
surface, so that the outcrop becomes a sinuous or 
wavy line. Eain falling on the upturned edges of a 
porous bed, such as gravel, descends till it meets 
with an impervious or saturated layer. If there be no 
outlet the entire stratum becomes in time saturated, 
and is then said to be loaterloggecl. But in cases where 
a valley has been cut by a river or by prehistoric 
glaciers through a lower portion of the beds, the rain 
that has entered above escapes at the lowest level as 
SPTIINGS (Fig. 20). 

Along the South Coast in places near the sea- 
level at the base of the chalk, considerable volumes of 
water escape into the sea, derived from the rainfall on 
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it has absorbed from the atmosphere, and by that 
which has been formed by the oxidation of organic 
matter derived from the surface. In this way it may 
become saline or hard, aerated or chalybeate, ac- 
cording to the composition of the strata it has 
traversed. This solvent action on chalk and lime- 
stone frequently excavates underground channels and 
large caverns, which in many cases constitute natural 
subterranean reservoirs of very considerable capacity. 
Occasionally rivers in cretaceous districts disappear 
in a swallow hole” of this kind and reappear at a 
point some distance further, as is the case with the 
Mole near Dorking and other rivers. Such an 
appearance may sometimes be mistaken for a spring, 
but its composition will generally reveal that it is 
really a surface water. 

Another condition almost necessary for the forma- 
tion of underground reservoirs of water and of 
springs is the inclusion of the porous water-bearing 
strata between upper and louver layers of an imper- 
vious material like clay, heavy marl, or shales. The 
weight of the superincumbent water often causes the 
spring to emerge with considerable force, as at the 
fountain of Taucluse and other places. 

In its transit through the porous rock the water 
will undergo a natural filtration, which will be 
proportionately complete according to the distance 
traversed and the rate of progress, which will in its 
turn depend on the fineness of the filtering strata. 
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At the same time, l>y contact with (lisHolvefl oxygen 
and l)y the action of tlm hacknda whicli it gathered at 
its first entrance into llui soil, the organic, nuiiic*rH 
will bo dccomposcid into hannloHH nu'nerad ^^ulmianceH, 
like ammonia and carbonic acdcl, whicdi am often 
t)reBont in consid(3rablo qininiitioH in modiTalely (kaip 
or Bul)S()il waters. liater, tlu? anunoniii is oxhlised inic^ 
nitrates, the bacteria and all Buspemh^fl particdi^H are 
roinoved, and the water enuirgatH us springB or remainn 
as deep water to be riiaidual }>y lK)ring, in ctilher castj 
))eing clear and bright, and almost ahHohUt^ly free 
from germs and organic maitca*. For this rijaHon 
spring water lias always been consithe'e^l to hcj an iilojil 
supply. But, inasmuch as nuuaj mecdianical filtration 
cannot remove the disHtdved mineral consiiiiicaitH, 
many Bprings, esjK*,eialiy in Gault, (IreonHand, and 
Now Eod Handstone, arcs so (diargcul with Halts of soda, 
magnesia and linug or so impregnated with iron, as 
to be quite unfitted for drinking. 

In Ilertfordsbiro and Hiirrcjy an exc’ctpiifaial rainfall 
results in thc3 formation of bouriu!B/’ or tlm ciiii- 
break of springs in jdac.c's wbcire tlio waii!r level, 
in permeable rocks, is usually at Home cleptb under- 
ground. llapid BtreiuuB arise in valleys usually dry: 
the w^ater is often of considerable organic |iuritv‘, mid 
would probably pay for storagci in small ri'.^ervoirs on 
the South African principle, in lliis way alno avoiiliitg 
the damage by Hoods. 

Springs are of two classes, land BPiiiHCiS and deep 
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f^PRiNGs ; the former are mostly found on the face of 
slopes, and are caused by the outcrop of the im- 
pervious floor, of clay, for instance, which hinders 
the water from descending further. Deep sj^rings 
may arise from fissures in the impermeable strata, 

• which allow the water in the layers beneath to rise 
to the. surf ace. 

The former class frequently become dry in periods 
without rain, and consist of surface water more or 



22. r'uulfc cutting off springs from watcr-Pearing strata. 


less liltcred and oxidised. Deep springs are nearly 
always p)orrnanent, and yield w'ator free from 
organic impurities if surface drainage has been 
excluded. 

Owing to upheaval and depression, tlio rocks have 
frc-qiicnlly ex[)erienc(3d dislocation by cracks or faults 
whicli (d‘t(;n iniernipt tlie strata and tlirow tliem for 
great clistanees out of llieir level. A continuous line 
of springs often niveals tlie presence of a fauU 
(Fig. 22). The course of the underground water may 
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Im i'ui c»IT or ciiv^rtcjd bj iliin causa, as sliowu 
l b liiai ibo Ihial lowest outcrop of the 

strata uiay be totally devoid of Hprings. 
ihn uiiilitrgroimd (Uirront may pass to 
;0 tlitpfliH, and (;vau to points Ijorizontally far 
I ‘ 111 t« Itmiij where it pemd ralrul, partiejilarly in the 
liiai'Htone and in cdialk. Tlicndore, in 
fiir water geological maps and Hections must 
b*' t'Miisuiliini, particularly as to the occurrence of 
lioilla. 

Ill ri jd’CiH iinjierfeclly (‘.xplonnl the Hurface must 
1 h’ riirrfidly in.H|)(*cted for outcrops, and all natural 
v.*-ri!<iie» wliicli may he rev(*a1cil at the sides of 
valb'VH aud |ire{.upii»es must he examined to ascer- 
Ihoi thi- imliire and clip of i\w- strata. A line of 
■. pKi io::;. ul the Hide of a valley may oftem he 
by a Hirip of inarsliy land or by the (?xira 
riiii-;)'.' fd tbf* hetrbage, marking csIIut a mitural 
Mii!.i*i-Mp or a fault. >\mh a junetinn of the sinita 
be f^* 4 b>wcsl across the (country, and sink- 
ifiitvj or borings made in portions of tint line that 
no spriiigB might he expected to tap hidden 
:;<airr fi *if stijiply whicli liad not risen to the. surfaca 
111 loss pressure or less petrmeability of the 

iOraiii. 

Fiiullfi are more difficult iO’ trace, and would 
» pure ilni iiHsistanco of a geological map or of 
rtpimQiimd geologist, but they freciiienlly in- 
IipIo siililerranean spaces or pockets in which large 
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quantities of water have accumulated. They are 
marked in geological maps by straight or curved lines 
on the opposite sides of which the strata are inter- 
rupted or broken. The dips are denoted by arrows 
showing the direction in which the beds slope down- 
ward, and a figure to show the angle to the horizon. 

The proportion of water held by a rock or soil is 
often much larger than would be supposed. It has been 
stated that a square mile of sandstone 130 feet deep 
contains water sufficient to maintain a flow of a cubic 
foot a minute for more than thirteen years, as the 
average content of porous soils when saturated is from 
25 to 33 per cent. ; this estimate is a low one. The 
quantity cannot be well judged by the feel or appear- 
ance, as it depends almost entirely on the state of 
aggregation. 

It ie estimated by steeping a weighed dry sample in 
water for some hours, removing the loose water, and 
again weighing. Loose sandstones have been found 
to absorb 4 to 29 per cent., chalk 10 to 25 : clay and 
loam retain more, increasing with the fineness of the 
particles. 

Permeable rock below the permanent water level of 
a district may be regarded as a reservoir of which the 
cubic content is limited by the size of the spaces 
between the grains and the width of the fissures and 
cracks by which the rock may be traversed. When 
water passes directly through such fissures and cracks 
and does not percolate, as in the Carboniferous 

w,i>. ^ 
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LimoBtono, it m ol‘t(^n m(3ro unpvirifiud siirfaco drainago. 
It was givdu ill evi(l(‘iico by I’rofi.ssor Jioyd .Dawkins, 
ni a Local ( lov(irnin(iiit .I)()ar(l iu<|uiry at ('ovaaitry, in 
iHOf), ilia,t (isHun^s in ilio Fennian rock niiglii ac'coiuit 
for coniani illation of llio corporation W(;ll by the 
polluted waters of tlio riv(‘.r Hhorbourne, distant half 
a inilo away, and analyses by the author stHuned to 
conlirin such view. Shingle and grave,! always c.ontain 
water, whie.h, however, is often liraekish from old 
marine si rata , evem at distaaices from llni S(*a, a nd in 
inhabited districts is giunu-aJIy eonhiminaled by surface 
draanage, cxc(ij>t at great depths. In somci placuts on the 
S(‘a-shore fresli water can lie gal lH*.red from the shingle 
direvtly tluj ebb tide has nnnoved the layer of salt 
water. A great number of (Jonliiienlal cities, such ae 
Paris, Vienna, Ac., are supplied by springs, also a 
number of eities in tlie Pnited Stales, c?HpecialIy in the 
west. Such supplicuH generally retpurti to bet brought 
from a great distance, ]>ui if tlm ronduilH are wcdl 
made and pnjporly protc-cied, the exiiense of filtration 
is obviatcid. 

The best spring water is that whi(di riscts from 
granitic, jura-ssic (oolite), and credaceoUH Hiratii. 
That from gypseous, saliue, pyritouB, iiiiiliracile, 
bituminous, or clayey lads, or from deep alliiviiil 
deposits like the “dirt bed’* of the Souili of Kiiglaiid, 
is almoBt invariably of bad quality. If a spring 
aiigmenlH in volume during winhtr or afif*r niins, or if 
its tempciraturo Bhares tho flmduation of tlie sc'tasruift, 
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it is to be looked upon with suspicion as being wholly 
or paidially fed from the simface. 

Spring and deep waters require to be guarded with 
special care on the way to the consumer, as they furnish 
a medium in which adventitious germs very rapidly 
propagate. 

Where a water supply is taken from springs, it is 
necessary, in order to avoid the risk of pollution from 
manured land, that each spring should be protected 
to the source, and proper intake works constructed 
with a watertight conduit from each intake, and that 
sufficient land should be acquired round each spring 
to secure the water against pollution by surface or 
subsoil drainage. 

The divining rod, virgida dwina, hacidus divina- 
torius, or in French baguette, allied to the cadueetts 
of Hermes and to the rod of Aaron, is still used in 
exploring for underground water. In the Middle Ages 
it was relied on for the detection of criminals as well 
as for finding buried treasure and running water. It 
liad various forms, as seen in the annexed illustra- 
tions (Fig. 23). It is believed to have been trans- 
mitted from the Mongols, through Scythia and the 
Tartars, to the Persians and Jews. It is said to be still 
in vogue in Pennsylvania for petroleum, and in Corn- 
wall for metallic lodes. But in these practical times, 
when still employed, as it is extensively for the dis- 
covery of springs, it appeals only as a kind of scientific 
instrument, depending on some yet unexplained force 

G 2 
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of nature. Just as the magnetic needle moves towards 
iron always, but towards copper only when carrying a 
galvanic current, a fact which we cannot really explain 
further than by calling it a ‘‘property” of iron, so it 
is perfectly possible that a rod in the hands of a 
specially sensitive individual may move under the 
“induction” of running water. That water in an 
immense number of cases has been found by means 
of the “ divining rod ” admits of no doubt. De 
Quincey affirmed that he had repeatedly seen it applied 
with success. Lord Winchilsea writes of a well-known 
“ dowser,” or water-finder, in 'Wiltshire : “ First he cut 
a forked twig from a living tree and held it in his hands, 
one fork in each hand, the centre point downwards 
and the two ends protruding between his fingers. 
Stooping forward, he would walk over the ground to be 
tried. Suddenly he would stop, and the centre point 
would revolve in a half-circle until it pointed the 
reverse way. This he stated to be owing to the 
presence of a subterranean spring, and further, by the 
movement of the twdg, he could gauge the approxi- 
mate depth. My brother (Hon. IT. Finch-Hatton) 
and I each took hold of one end of the twig protruding, 
as stated above, and held them fast while the pheno- 
menon occurred, to make sure that it was not caused 
by the movement of the man’s own hand or fingers. 
The tendency to twist itself on the twig’s part v/as'so 
great that on our holding firmly on to the ends it 
split and finally broke off. The same thing occurred 
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on a bridge -while standing over a nnining stream. 
Stagnant water Beeins to have no eilec't on the twig.” 
Other crucial tests being applitjd, ‘‘ all in-escait con- 
sidered the trial satisfactory in evc'iy way, and it 
certainly was conclusive of two tilings: iirsL, the man's 
perfect good faith; secondly, tlie (dlcct prodticiid on 
the twig cinanated from a powc^r outside liiniscdf, and 
appeared duo to the presence of running wuUtr/' 
Similar testimony is given by Lord .Hc.ylorimry, the 
Earl of Jersey, Col. Wilson (who found Iho power 1c;sh 
rare tlian is commonly Bui)i)osed), and many oiherB. 

Another successful walcr-limha'’ stutcH that he is 
only affected by running \Yaier, and (luiie passive to 
stagnant. He says that various kinds of wire or a 
watch-spring answer the same purpose as a twig or 
rod. A large number of people have the power to a 
certain extent. ... I now use my hands alone, 
holding them out with irilms towards ilui earth. I 
reckon the rod as an instrument only, arnl that the 
power itself is in the i)erson.” 

The Rev. S. Baring Gould, in an inieroHting 
on the divining rod in his CuriauB MailiB r/ the 
]\Iiddle Ages, from which the illustration on p. HI 
is taken, says that he found it impoBsiijIe to accom 
plish rotation of the rod at v ill. 

There is no doubt that the oinpliy merit of a 
^‘water-finder’' has in a largo number of c'ascis led 
to success, although in niirneroiiH cases they have 
hopelessly failed, and the auditors of the Local 
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Government Board have recently disallowed their fees. 
If further research should discover a physical law 
underlying the process, its utility would become more 
certain and extended. 

Testmg for the Source . — ^Wheu a water is proved by 
analysis to be polluted, it is often difficult to discover 
the origin of the contamination, which may sometimes 
be situated at a considerable distance. In the case of 
Ikdlanl v. Tomlinson, 1884, the water in plaintiff’s 
well at a brewery had been polluted and his brewings 
spoilt by percolation of foul matter, through several 
yards of chalk, from a disused well which had been 
turned into a cesspit. Damages were obtained. 

Prof. E. Pfuhl has ascertained by direct experiment 
that certain bacteria could traverse in one hour 
8 metres (2f) feet) of gravel soil, further that the 
supply of a tube-well became contaminated by 
B. prodirjiosus when cultures of the latter Avere inserted 
into the surface 3*7 metres (12 feet) from the top ot 
the well {ZeiL /. //'////., 1897, p. 549). Characteristic 
bacilli, like prodigiosics and violaceus, have frequently 
been used with success for testing filters and leakages. 
Where the suspected source is accessible, a quicker 
method is to add a quantity of some easily recognisable 
Biibstance, either in solution or suspension, and to 
look for it in the incriminated water. The same process 
is of service in tracing the course of underground 
Btreams, leakages, &c. Of soluble substances, common 
salt is the clieapest, and is often sufficient ; theamount of 
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the white precipitate obtained on adding nitrate of 
silver will reveal any great incrcaBO of the chlorine. 

Liihimn cMorida is sometimes uscjd, the qnantitj^ 
required varying with the distance, rapidity of flow, 
permeability of the strata, &c. It is shown by the 
crimson lithium iliimo or by the BpeciroBCopo. Of 
course the original water must be tested for lithium 
first, as traces are often ])rt‘.B(mt. 

Solul)lo strontium salts luivo also been BUggested, 
as they can be recognised in the sanu? way, but ibesy 
have the disadvantage that tlioy may bo roiKlc^rod 
insoluble during the passage. 

Fluoroscin (CsoIIisiOG), an orange dye with a very 
strong green fluorescence, is one of the beBtagenlH for 
this purpose, as it is easily visilde wlien diluted with 
many thousand times its weight of wahir, and an 
entire river may be coloured by a few kilogram moH. 
By its use undergi'ound coTnmiuiication was pr<»vcMl 
between the Danube and Auch, a small rivetr which 
flows into Lake Constance. It only givers a coloratifui 
in alkaline liquids; therefore soda should l>ti addud 
with it. Magenta and other dyes have been emplojiffl 
Prussian blue, bran, starch, or other finely divided 
solids, suspended in water, ai*o uscal to aiic»ertiiiii 
whetlier tlie water has undergone proper filtriitifai. 

An example of the use of salt and Btiirch for this 
purpose was reported from Switoerland in 1B72. The 
village of Lausen was visited by a severe epidemic 
of typhoid. Some time previously four ciisob hud 
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f occurred at an isolated farmhouse in a neighbouring 

- valley, separated from Lausen by a mountain of 

porous glacial moraine. It was suspected that the 
spring supplying Lausen was fed by the Puhler brook, 
which ran past the farmhouse in the next valley. 
Eighteen hundredweight of common salt was put into 
a water-hole connected with this brook. In a short 
time the chlorides in the Lausen water showed a great 
increase, and the water actually became brackish. 

; Afterwards two and a half tons of flour diffused in water 

j were thrown into the hole, but no starch granules 

^ appeared at Lausen. Hence it was proved that the 

water had filtered through the mountain, and that the 
C filtration had been sufficient to remove the starch 

f granules, but not the typhoid germs. Non-pathogenic 

> organisms of easy identification have been used for 

testing the efficiency of filter beds. A common method 
of proving pollution is to pour carbolic acid or kerosine 
(lom\ privies or cesspools and seek for the odour in 
the well. 

i' ’When the source is inaccessible, as in cellars and 

; other places, the water may come from a leaky hydrant, 

sewer, drain, or from a subterranean current. It will 
; generally have passed through a considerable distance 

of soil, and in made ground districts will have 
almost certainly suffered pollution by organic refuse. 
It is necossary in such cases to first ascertain the 
i general characteristics of the subsoil water of the 

district and of the public supply- As a rule, sewage 
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passing through inoderato thick iiobhoh of soil does not 
materially alter in mineral eonsiiiiunitH. Bo that if 
the polluted water contains more disHolveil lualictrH, 
and those of a character tisiial in Btnvagfi, than tlie. 
general supplies of the district, it may rea.soruihiy he 
inferred that a drain or B(‘,wc?r has addeil the im- 
purity. It is commonly sunicieni to dehnunine the. total 
solids, clilorino, odour on heat ing, nikatets, and nit 


An examp)le is 

given by 

C. F. 

Kennedy, 

of ITiila 

delphia (parts per 

100,000) : 

: — 




City 

supply. 

(Jellfir 
No. 1 . 

CeUftr 
,'No, *i. 

No. :l 

Total sol ids. . 

. 115 

11 0 

rirrl 

rO'O 

Odour oa heating. 

Faint 

Faint 

St n^ifg 

l,"riu«a2H 

Nitrogen as nitrates 0 07 

0-U) 

(e:i5 

Noun 

„ nitrite? 

t None 



Koisii 

Chlorine 

0*4 

O’fU 

7-7 

l‘J H 


In No. 1 cellar a Binall quantity of watc»r had been 
almost constantly present for a long lime, of wliicli 
the source could not bo ascertaituKL AnalyniH hIiowh 
it to be sirnilar to the general water supply, and pm'iilH 
to its source being a leaky hydrant or pipe. Exaiiiiiia- 
tion of a hydrant on the adjacauii properly Khoweil ii 
leak, and when it was rcqiaired the water in the relliir 
ceased. It had passed through twenty-two feet of i art li. 
No. 2 suggested a leaky drain, and tliis iilmi proved 
to be correct. As to No. B, the high, ehloriiio, i.)doiir, 
absence of nitrates and nitriitss, potnied to ritc^ent itiiil 
profuse admixture with sewer water. This also was 
verified on examination. 
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Occasionally the indications are ambiguous, but 
when more samples are analysed to see the influence 
of rainfall, &c., unusual substances, like parajBGLn oil, 
soap, &c., sometimes appear, and afford a clue to the 
contamination. 

Wells may be of three classes : shallow wells, fed 
by the surface water, and to be condemned in nearly 
all cases for the reasons already stated ; suhsoil tcdls, 
drawing the ground water from a greater depth ; and 
deep wells, carried through the impervious strata on 
which the ground water rests into the water-bearing 
strata below. It will be seen that the depth of the well 
will depend on the distance of the impervious strata 
from the surface (Fig. 24). 

IHp-wrlls are those in which the water rises to 
near the surface and can be ladled out, and are to be 



Fig. 2-L Wolls of difloront depths due to a fault. 

clistinguished from draw-wells, wdiere the water must 
bo raised by a pump or bucket. 

A surface well drains an area which is greater the 
more the level of water is lowered by pumping, and 
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the greater the porosity of the soil. The distance has 
been found by experiment to vary from fifteen to 160 
times the amount of depression. Thus overflow or 
leakage can enter a well from a distance that at first 
might appear safe. Pollution has in many cases been 
proved to have crossed a road. A roadside well in 
Argyllshire, supplied by a spring from a fissure in the 
granite, was found by the author to contain large 
quantities of substances characteristic of animal con- 
tamination. No habitations were near, but on the 
hill above, about 600 yards away, were fields which 
were liberally watered by liquid manure. At Maid- 
stone, in 1892, HilPs Well,’’ 100 feet deep, was 
found to be contaminated by the subsidence and 
consequent leakage of a sewer 600 yards distant. 
Well water has been observed to smell of disinfectants 
which have been thrown into neighbouring drains. 
Surface water without filtration is prohibited by the 
German Imperial Board of Health. 

Dr. Wheaton"'^ traced an outbreak of typhoid at 
Quarry Bank to polluted draw wells constructed of 
loose blocks, close to houses and near leaking privies 
and drains. Country wells of this kind are daily being 
closed. In most large towns this has been done, but in 
outlying districts a great number are still tolerated on 
account of the dijficulty of procuring a better supply. It 
was estimated in 1893 that there were still about twelve 


Local Goveriunent Board Eeport, 1895. 
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millions of people in Great Britain supplied with 
domestic water from shallow wells. 

Town pumps in the Middle Ages were the chief 
sources of the public water. It has already been 
mentioned how the increase of population caused the 
soil to become saturated with sewage, and how, there- 
fore, the necessity arose that such sources, derived 
in nearly all cases from shallow wells, should, in the in- 
terests of health, be closed. . Except in remote villages, 
street pumps have now almost entirely disappeared. 
On the Continent, particularly in Germany, the people 
still draw from the public fountains; these in the 
majority of cases, being fed by deep springs, are free 
from objection, except from the danger of the spread of 
infectious disease by the use of imperfectly cleaned 
vessels. In the East the public wells are centres 
of population, and their possession is of supreme 
importance. Eor example, in the Soudan campaign 
of 1896 the Murat and Ambigol wells were the first 
points sei^^ed and strongly held. The water of most 
of these Nubian wells, or rather pools, is brackish, 
and has a Bulphuretted smell; but some rock cisterns 
give a small supply of pure w'ater, which is supple- 
mented at times l)y water sent up from the Nile on 
camels. The taste and odour imparted by the skins 
in which water is commonly transported in the East 
are highly unpleasant, but do not seem to be injurious. 

Huhsoil or ground water is surface water which has 
percolated to a depth of about thirty feet through the 
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alluvial ^n'fivol uiid hu, nd which in many ciiBCS overlies 
Ulo 1)0(1 n)(d{ or iloor o£ day. li (aadaiiiH conHiih*r- 
able amouiils of niiraioH aid chbadh^B dctrivcai from 
previous sewage contaminaiieii (p. 272), but in itself is 
generally iiniocjont, though, like rivttr wither, it requires 
to 1)0 carefully watclual. J)r. Ko(*h immuU^rH it ctnlirely 
suitablt*, for drinking, and ilu? town HU|)i)Iy of Frankfort 
is dcu’ived from the Hubsoil waha- of an (iXleiiHivit wood, 
whi(di is carefully koj)t free from hal)itaf ions and oilier 
Rources of (amtaminaiion. Jhii in I la? muglihourhoocl 
of largo citi(5H sucJi care could h:trdly be exercised on 
account of the value of the land. Tim ioiiradion of 
subsoil water ofiem elhjcls a nanarkable improvement 
in the health of a locality by removing tlH‘ daiiipnegB. 

The ^dino of saturation/’ or wat(*r-line, is the Icmd 
at which the waUu' stands, and to whicdi it will rise 
in wells, in any water-hearing Htratuni. If the water 
were perfectly free to move tins would he a horizontal 
line at the levad of the lowest iioini of (/scaipe ; Imt 
by the resistance of thes rock or soil it in raused into 
a straight line or curve sloping upwardH to the point 
of entry of the rainwatm* at the outcrop of the 
strata. In the London fiasin the highest point, in 
the outcrop of the Gault day below tne chalk neiir 
Tring, in Hertfordshire. Thence it runs in a siiglitly 
curved line to the Thames near Lewisliiyii, iiiorci 
or less disturbed by two intersecting fait its and by 
some inecpialities in the clay Iloor. Where, as at 
Watford the surface lies below this line, springs. 
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are frequent (Fi^. 25 ). Altliengli the iimin run 
of the Haturation line can he, clt*<hua'<i frrun 19*0- 
lol'ical HCiciioiiH, ilui actual detaiLs can (uily he \v«u*ki ci 
nut hy ohnurvalionB of spriiinH. Tlie Hiimllta' 

Hpriu'^^H of a district wliirli run c»ver lads of an 
iiii|HU'ni(5ahle naiuni nmy ofhui he at a hii^her lttv« 1 
than the, geiutral saturation lino, huf the hnvcjr end 
of this lino is always found at the high-waier niark 
of the main river or lake of the dihtriei, ca* at lint 
level of the, sea. 

When a well or boring reaches hidow the Hiituriiiion 
lino ilio water will Ktaml at that !ev«d, only iiffi-rl li hy 
pumping, which will lower the line fora coinHirh ralde, 
(listanw) routuL Thcj (tlTecl will thmi he to exlniuhi 
the noighhouring wells, ami if it conf.iinies at a 
rate fante.r than tlie incoming rain viai perc*ila!e> tlin 
whole stratum will he diqdeled. It is iJierefore 
ne,(!eHHary to leave liericnlg ui n-o. It m a siiigular 
fact that in London, Saturdays, Siimlays, and liolohiys 
are reccirded hy the higher level uf the, water in llie 
great iirewfU'H* wells, \\1ieu niorn water is %vaiilial lliiire 
k no ndvaiilago to ho fhu*ive*l from deepiiiitig a widl 
hcyamd the chance of opening iiih^ ti;-:Hures or new 
strata; it is hetior to drive liori/aiiifjil iiiiiii«*hn nr 

adits/’ to extend the area <»f cuimia'licai, t«id al^o hi 
form, I'Ui underground rc^Si'rvoir to iiiiilie the Hipply 
niora conshtnL These adits, or** lit'iiflirigH/' nmy hr^ only 
borings from three to twelve inchim in diiiiiieti^r ; they 
immensely increase the yield iind regiiliirity of a ividl 


SPRINGS AND WELLS, 


97 

Two of the artesian wells at Trafalgar Square, which 
supply the Houses of Parliament, are connected by a 
horizontal tunnel 400 feet in length, which forms a 
reservoir with a capacity of 112,000 gallons. It must 
be remembered that an injunction and action for 
damages may sometimes lie against the sinkers of a 
well if the operations cause a loss or deviation of water 
from any well-defined channel, although there is no 
right to underground waters. (As to sinking and 
lining wells, see Mansergli's Chatham Lectures, 1880, 
and Swindell on Wells and Well-digging,” 1891.) 

In every case the greatest care must be taken by 
properly cementing the bricks inside and, if possible, 
by coating them with tar outside, to exclude the 
surface water. The lining must also be inspected at 
intervals, and any cracks filled up. The upper portion 
is often made of a succession of lengths of iron tubes 
screwed or jointed together with a watertight packing. 

It is now possible to obtain large earthenware pipes 
of three and a half feet diameter with an internal 
flange to facilitate sinking. Where such pipes are 
carefully jointed together by cement and used for the 
upper fifty feet of a new or old brick well, security 
against surface water is generally assured. 

Artesian %vells are drilled through the rock by a 
boring machine, and ai'e generally lined by lengths 
of iron tube screwed together. The water sometimes 
rises to a greater height under rock pressure caused 
by faults than can be accounted for by the probable 

W.P, H 
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head of water in neighbouring hills. The great 
force with wliicli the watea* ofteui at ilrni i.s.HUf*8 is 
prol)aI>ly causeul by compressed gaK(‘.H. In Fig. 2fh 
the oulca wells re, quire ])umping, while the eenlro one 
will ris(i alH)V{j the siudace naturally, u b bi*ing the 
lino of saiuration. TIkj well at (Irenellc! is l,7bB feed 
deep, and givtis r)l() gallons of water lutr luinute. One 
vi Ht. Ijouis, II. S. A., is fecit deep. Decip wells 

yield water of great organic imriiy, but often of high 
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hardness, as in the Kent Water Cornpanj*H supply from 
detq) wells in the chalk. G. Webster Koiue years ago 
proposed to supplonient the London watf*r Hniq*ly from 
borings in the chalk near liicdcniaimwortln F'rcini 
five wells sunk in this district a yield of rihoitt 
10, GOO, 000 gallons of pure water was obtained daily. 

Tlie artesian wells of Dakota, U.H.A., are, iierliups, 
the most remarkable examples of their kind whiali 
have evc.tr been opened, both as regards the pri*HHtiri? 
and tlie volume of the escaping water. Jlore thaii 
100 wells, from 500 feet to 1,000 fc^etf clr*i'’p, are at 
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present in successful operation in the district north of 
Yankton, and they yield a constant stream of water, 
which is apparently never affected by any of the 
surrounding influences. The pressure of the water is 
abnormally high in many instances, and up to 180 
pounds per square inch has been registered by the 
gauges. The power is utilised in the more important 
towns for water supply, for protection from fire, and 
for driving machinery ; and a very considerable saving 
is effected by the adoption of hydraulic apparatus in 
place of the steam engine. Artesian wells on up- 
country farms in Australia have been attended with 
considerable success, yielding at 1,500 to 2,000 feet 
constant supplies of 2,000,000 to 4,000,000 gallons 
daily, and thereby converting a waterless country into 
one supporting thousands of cattle and sheep. 

At St. Denis, near Paris, there exists a well that is 
rather more than a curiosity. In sinking, three con- 
secutive water-bearing strata were found actually 
representing the shallow, subsoil, and deep supplies. 
It was decided to sink three concentric tubes, the inner 
one to the lowest source, the middle one to the next, 
and the outer one to the layer next the surface. Thus 
three separate waters were obtained from different 
strata. The lowest was the only one safe for drink- 
ing purposes, but the others were suitable for technical 
use. The experiment opens out possibilities in sinking 
an artesian well of using by concentric pipes the water 
from upper layers for ordinary non-drinking purposes. 

H 2 
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a ring weight, which is raised and allowed to fall 
(Fig. 27). When one length of tube is driven anotlier 
length is screwed on, until the water is reached. More 
than 2,000 years ago the Chinese hored for water 
in much the same way, and erected water-towers 
when the pressure from the l)0re was not sufficient. 

Dr. Koch {ZcitHclirift far Ilijffidtir, xiv., 1803) has 
recently condemned all l)rick wells as ‘‘irrational and 
dangerous, on account of unavoidahlo lissuros in the 
walls, because they are always open or insufficiently 
covered, and, lastly, because laundry operations and the 
wasliing of utensils are often conducted at their niargins, 
wlionce infective matter might easily find its way.” 
But each of these faults could 1)6 easily obviated, 
except, perliaps, the permeability of the walls. The 
mouth should be raised, and tlio wall carried about 
a foot a])ove the surface. lie proposes that an iron 
pipe should 1)0 inserte.d and the well lilhid up with 
gravel and sand, while the pump should be placijd 
at some dishuice off and connected by a properly 
protected pipe. 

Tu))e-wells liave two grciat advantagem : they a, re 
cheaply driven, and the tube, in case of failure to find 
water, can be takeai up and sunk in anotlusr pliuau 
Of course they will not penetrate bard rock, whiclj 
can only b(; piercetd by a pcjrcussion drill, as tised for 
an arhisian weJI. Tluy jire c;sp(u*.ially suited for loose*, 
gravels and sand, which arc difficult to dciul with in 
ordinary well-sinking oi)erations; and if properly 
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screwed together the tubes effectually exclude surface 
water. Besides frequent examinations of the borings 
brought up by the drill to ascertain the character of 
the strata, at intervals an analysis should be made 
of any promising supply of water reached in regard 
to its purity and constancy of composition. Eapid 
variations either in the volume or constituents 
indicate that the underground source is neither 
permanent nor copious. The author was recently 
consulted as to a tube-well driven through sea-sand 
and gravel at Netley. The high percentage of salt 
in the water at once indicated a serious leakage of 
sea water into the tube. Green well and Curry ^ state 
that a thirty-foot tube- well can be driven for a total 
cost of about £10. 

P. Griffith (Society of Engineers, May, 1896) has 
given a detailed description of borehole and other 
pumps which have recently been employed, and of 
various modern provincial waterworks. 

In the history of Eastern nations, the sinking and 
protection of wells constituted an all-important part 
of tribal existence. The oases of deserts were ori- 
ginated by natural springs, but towns and villages 
centred round wells, most of them dug in the rock, 
but many in looser strata were constructed with 
sometimes elaborate timber or brick casings. Con- 
tests often occurred as to the possession of these 
wells, such as the one between Abraham and 


* Rural Water Supply. London : Crosby Lockwood & Son, 1896. 
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Abimelech (Gen. xxi. 25). An invading army gene- 
rally destroyed or filled in the wells ; the defenders 
sometimes poisoned them. This latter practice is 
now forbidden by universal consent in the articles 
of war. Large quantities of water were required to 
be raised for the use of man, of the numerous flocks 
and herds, and for the irrigation of the pastures. 
The simple rope and pitcher was at an unknown 
date improved upon by the windlass, which is said to 
figure in some Egyptian inscriptions. Afterwards a 
string of buckets on a chain was adopted, and later 
on other appliances, such as the lift, force, and 
centrifugal pumps. 

The so-called Joseph’s well at Cairo, which is 
probably over 1,000 years old, is a marvellous 
example of early well engineering. It is cut in the 
solid rock to a depth of 297 feet, and raises the water 
in two stages by means of an upper and lower system 
of buckets worked by oxen at the middle and at the 
top. A spiral way winds round the upper shaft to 
allow the oxen and labourers to gain access to the 
middle chamber. 

It must not be forgotten that an increase in the 
amount of water raised from a well, by enlarging the 
sphere of collection may alter the quality, so that 
periodic analysis is desirable. 


cnArTi-’jt V. 


RlVI.h'S. 

Btn(5E duo of llir* iimkhI c'h^iHiilHry iH‘rrr‘''i!i*'r* c»f lift* 
in walor, ilio. ]>roxiiuit y a widvr Mipply in uh\ayH a 
dc^ioriniiiln*^ fartor in ihi* c'lmit’tMtf a bti'uiity f**r hiiiiiaii 
hahiiaiiou. (In^ai n‘‘;iouH in ita* Ahiait* Afri»‘aio amt 
Ainorioan oouiiiHatiH, uial tin* X'n*-! ox!*iit tif < 
Australia, owct iludr rlianu-tor j-..ijari!y to 

ilioJr (Irynu.HH. Jiur^a (utirs liavu tuaially 
linlHicl Hoincavhai inlaiul fotiu tlio uatulh ^ t»f rivni’*, in 
order to ho in n*atdi of ahuudani fr«':di wiifor. \\ hen* 
for jjrctloriifjiu or for niini} a rtii.^oiiH. luiiiifaf imii?. liir\'e 
I.n*eii oousinudod in hiah plarf*^, lliry liavo lilher hern 
in the iHti^dd^ourhootl of a iiMiuntain luki% the* vhy 
of C^hiiio, or liavo doiHiidod on widls eiiiiii in tlie'^ roek. 

Ah iht.? area of cnltival.itai I'Xleiidi’tl, ii.U;uafioii 
]iro{'ood(:d up tlu^ siaiiller ri%a-rs and Hiroaiti% irn.!uia,» 
cliHiriotH hoiii;4 supplied l»y shallou- iiinl in llii- 

Burfaro gnivol ttf former tir in /| r:|.« 

Ity springs, d'la* mily eontuiinnniieui hr ri4iir.inly 
mot wi.ii in tlrinking wntor Ihon ani-e froiii fo|. |ii i,]iir4 
mineral mal‘ois or from ctomyiio.^ ^egefaidi dM*iio 
dl.H* htrmci’ wii’e dt’jilt with hy i imple syli'4d*iier nr hy 
ortido Handliltrulitm ; the latter is h.iill a dilfe in 
forosi regioiiH, f'^pca-iully in ilmtropirs, wiif*i'i^ nli^ry 
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and fevers attend the use of marshy waters. Malaria, 
which signifies '^bad air,” has been attributed to bad 
water, as travellers who have boiled or properly filtered 
the water have escaped infection, but it is now known 
to be frequently communicated to man by mosquitoes. 

At a very early period, lakes and pools and rivers 
were subject to contamination by the visits of animals, 
many of whose parasitic diseases are known to be 
communicable to man (p. 58). But as the population 
in certain districts grew denser the quantity of water 
used and fouled became progressively greater. At 
first only the water used for domestic purposes, cooking, 
and ablution found its way into the streams, the 
excreta being disposed of in dry earth in the primitive 
manner still common in the East; but as the population 
augmented the contamination of the soil increased. 
At first the greater part of the polluting matter was 
consumed and rendered harmless by vegetation, just 
as a properly managed sewage farm will deal with the 
excreta of a district ; but with the aggregation into 
villages and towns the upper layers of soil became 
saturated with excrementitious matters, which passed 
without appreciable purification into the water of 
surface wells. The neighbouring streams were polluted 
by drainage, and in their course joined with the other 
affluents in carrying the diluted sewnge of the towns 
and villages into the rivers and thence to the sea. 
A considerable amount of purification took place in 
transit by deposition, oxidation, and aquatic life; but 
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thiH lioc.amc) 1 ('KH!Uii1 Ic-s uh tlic j.rnjinriion i.f 

(li-;cliarj.;it incrfiiHi-ii. A litrlii< r nf nuj.ijnty 

wiiH added l.y the advent of manufaet nn-. Use . tiltientH 
frein dy(!-wn'rks, hrewerie.,. and etiter iiid.iHtrir,, hein;; 
disele.u’tted into the stream^. I'.y Ih- .e e..uiidned 
caiiwe^ the wilier in nned: ituiaihaiH di^lnei, wit*, ren- 
dered unlit for conKinnidinn, and new naire. had !■< 
he Koutdit foi' id, a ereaier diHiunee. In {•'hi lite 
Seine wan ko indlnii'd near ( lieliy tital l*i. l>diin;;-i 
ehserved, “ liuhhlee of .'as fre.ni ih.' ].uir. fyin;' lime 
at the hottoni esi'iiped from tlm dnrk Mirfaee, a- d no 
liah eould live in it ” : ihe w-waye, in fm-t , wm. under- 
going iiB bat'ittrial t-liaioo’* 

Dr. liruee Lowe’s reeenl re].ort to the- I,oi-al (Jovern- 
ineiit Board on the examination of the D.e ahove 
and helow Chester she.wH tiiui ia- and Dr. iSuHard 


found tiiat “the raw sewaoc of i.veral lari'e towiiK 
was poured direetly into the D. <■. and that polimiou 
of the. stream l.elow the weirs eouhl he .■arri. d hy 
the tidal wave info eiose provimity to the Chester 
waterworks intake. The wat.-r was h* indluteil as to 


destroy the fish that <-ame up the river." They <on. 
eluded that “a stream reeeivine siieh fontHminatmn. 
eould not he rej^anii ii !Ih a wife roitree of pnldie wat.-i 
supply, even if ladoro it was delivered to the pniilie 
it was suhje.('ted to the host proeessof wind lillration. 
It will he within tiui memory of many l.ondetnerH 
how black ami ofTensive the Thames was formerly 
between the hridKos. Kineo 1H.V.» the Main Draimijm 
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scheme and the ombankiiuint of tho Thainos have im- 
mensely improved tho condition of tlie river, so that 
fish that could not formerly live in tlio foul water 
have now been noticed as high as Westminster Bridge. 
At that time, as Sii- K. Fninkland reported, “ the 
silvery Thames was for .seanu-al wocdcs converted into a 
black, seething, and stinking canal, its sluggish waters 
being carried backwards and forwards by tho tide 
through London and Westiuinster, and tho stench in 
the commitlee-rr>om8 of the IIouscsh of i’arliaincsnt 
became so unbearable as to render necessary the 
filtration of tho outer air through cloths wotted with 
chloride of lime.” 

An instance of how siudi injury to wutercourscH was 
penuitted quite receiilly occurs in a reptirt to tho 
Halifax Council as to tluj didrict of {Ji)per Grcotland, 
Yorkshire, in April, iHlIfi. Tins local stream is stated 
to bo “ us Iiadly pollatod as even-, and although it had 
boon cond(!iiined by tbnni medical oflicors, it was still 
allowod to bo used for cattl<(, and even by human 
boiags. Th(! milk from (lie cows which drank from tho 
stream was sold in the. Halifax district.” The 
connection betw(!en polluted milk and disoaso has boon 
so freijueiitly demonstrated that it is obvious cattle 
should not have access to such water. It also appeared 
that pigs were, in the lialiit of wading in tho stream, 
and this animal is particnbirly sulijcs-.i to parasifes. 

A hlriking example of ilie pollution of a river by the 
(loine.Htic and manufacturing sewage of a town is given 
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in the Bq-jort of the “I'IIh IlMsirtl c*f llp:illli, 

I'SUO, |). 472. Ahovc, tlu’ tciuii uf 22J'tlHI 

inha]>iia.ntK, the wa.fer of Ih** NaHliiiJi rivi-r Im,-* thf; 
ff)ll{>\vin*4 conijH>.-it inu : fri*r* ununniiia., •CIlHff |iuiiri jii-r 
ilX),(K)(); c}ilf)riiH% i{itro;^iii nn iiifrit* ^ 

l>c4ow flu^ town the n'»Hpo{'|.ivo nr»* ‘Oo*ith 0*84, 

a/I id '00 1 L Tin iH the a nun uni a lias iiioriiio;i:4\‘ 
inm^aHcul, ilin (dilnrini* inih iimrn ihaii i|ouh!i-d, aial Ihi* 
nitrite in foiirtmi linn’.i an nnicdi, thriu iin-’n’tlioiitH 
whirii are. cliaraeli-ri.'-Jir nf Ho»\va::e jirdlnlimi. A 
of infr!n‘/4in‘^ c‘lH‘nu*'aI niujia, iHurh'a! with Cf\ri’ji* 
iional cloanioHS other featurijH of ilia kiinh in i«eliid«'4 
in the llctporf. Thia niuthod of |iloiiiii‘» aoiairiof llie 
analytical rennltH on Hketcli inapa of llir* rivrr-ha‘dii,H 
furniHlum an e?ceeinlin».'ly HHcdnl Idrcruoyo of llw 
efTect of trilnilarieg and local diHcliari.»OH on the iiiaiii 
Btreain, which would he rtill fiirlhi*r idieddatial if Ihi^ 
niapB were tintetl to iiidi«'ate lln? i^oolonical foriniiliofin, 
A. Hories of huch nia|m driiwn on ii lari^er 
fur w'hich the name *Miydro»dioinica.i niighl Im 
pro'poHcnl, woiihl be an iiuporiaiit ^'fiiilrihtitioii lo tlin 
Btiidy of our wat(?r HU|)|die.:-i, and alenilii hn tiiiflerlaliitri 
by Bonie of our public auihc,iritu';i. It rioe« uui Hc-uiii 
cmditalile to Kngliniii that, while a Hlfitii like 
chur.uttH Hhould in«tiiiii#i iniiitirkii uiili micli care iiic! 
in liiich detail that their results iiru i4 in tluj 

whole world, nur loeal bedi«^;4 Hhould of fen !ii* batlliii:^ 
bel|deHKly with probleiuH in eucli n eqrfi 

mental way hh to eo.st large mmn to ilie rnl.epa;,ri'i^ f^r 
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abortive Bdiemes whieli a little more knewledi^^o woabl 
have prevented from being imderiaken. 

In IBfJo a Iloyal Commission wanissncsd forIn<|iiiring 
how far tlio present abune of rivcjfB in bbigland for tlm 
purpose of carrying off the drainage of towns and the 
refuse of nianufactureB might be rinnedicfd, and liow 
far such products could be utiliscnl or nunlered harm- 
less before reaching the rivers. The refca-ence irndudi’d 
also an extensive imiuiry into ilm waiter supplies then 
existing. The results were recorded in the series (ff 
reports of the Rivers Rollution (jonimi.ssioners endin*!; 
in 1874. Their researches were very %uduable, but 
their suggostions as to the limitn of iiapurity in 
discharges which should bo permitted to pass into 
watercourses were ultimately abandoned or posipomai 
by Government. A great improvement wan effected 
when the intakes of the London companies were trans- 
ferred to points higher up the siream, as, for instance, 
that of the Southwark and Vauxliall Company, from 
Battersea to Sunbury, near Hampton (J(nn*i. But it 
must be remcml)ered that ilnjHe inlakes still include 
the local scnvage fnuu the upper porticniH of the 
river.* The filtration to which the water is after- 
wards subjected is considered in (.Tiapter fX, 

*“ 1V» hIiow htnv Imprsrf.iCit in ilw pniiitjMii nf Mi- Mi*’* ei||.n% ii.t* 

miiy he riUfU frujji iJi*? li-|K>rt (d thd 

Chnyrmmmt Brnml, 1WJ4 (p. IH): ♦»||| Mi- rhMl-m la 

PariH iii 1S72, ihi? inlmhieyU- -i >4 Mi.-,;.- r'-jiiiiiyn--, Ui-hu-ikk 
B upply from holmv tlio miun 3^4'V,-f*r UirU ni tloit, ni % 

rate noarly fourtco!! tijjion an groat an ilium who %voro faiiatlirU: Irma 
tlui «amo river at a pciiiit iibv>vy 
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Tlio polhitiion of nlreattiH i« prohihitrtrl iincler 
ponaliH!H liy iho PiiMir Health Act fif iH75, tl:ii 
Pollution l^rove.niion Act of IBJih th« faaoil ihmmi- 
merit Aetof 1H8B, ami hy loeal Ac‘tB, Htirli im iln-* Puhlk: 
Health (rjomlon) Act of IHBHaml hy hyi?-lHWgt>f i^anitary 
autlioritiiiH. Many of iln*so Ai'Ih, howia*i-:r^ am larfa^Iy 
inopctrativo C)wiu^( to the nnmerouH elainc ii, 

but in any carno the (iiHehar^'O of Holiii or Ii(|niil anwiioii^ 
or iml(!c*d of any nolid matter, into Bireaiaa, ia 
illogaL It is, thc^mfore, the duly of an iiiHpeolor «i 
nuisanceB to guard agaiuBt tlie romni'iu priietic!ii in 
towns and villages of allowing the wiudungH of iilnliles 
and pigsticiH to flow into any wafe-rconrhio liiid lie 
should insist on the removal of all c'his«!iM on tlie hiiiikii 
of running strctauiH and prevent the dkehargci into 
them of all Iiouho refuncs Ae. 

Kim*e the operation of thf’M' A» In it loin hi'f'ii found 
jiuHsihle ami even remunerative for iiiaiiiifarfiireri to 
utiiiBe waste produel h hy pmupitiiliii:!, tillering, 
evaporating, diHtilHiig, mat Imrniug, thiii eiieiiiieiils 
are reeoveroil, orgiinie matler,H iini^d m fuel or iiiaiiiircij 
and ehiiu Ciflluenls only Hllow«?«i to hr* ilieeiiar^^erh 

On August 2lHi, IHiah Air. 4uAif‘e fiy«* inade un 
onlcjF, with full eosts, re<|uiring the Ciorp ■.riififiii tif 
Andoviu* to almtain from p<illu!ing the river Anion 
with sewage. lie. found that thi* Coiiiieil lenl iinl 
used any meaiiH of nmdm'ing hiiriiih^MS ifie sioviief* m 
falling into the Htreann ^.rhis wan 0111 * of llie rani 
eaB(!8 where private persons harl fakeii iii'liriii iiiiflrir 
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the plaintiffs being riparian and mill 

cal Government Board has of late declined 
•la schemes for the drainage and sewage 
f districts nnless the manufacturers sub- 
eir effluents to a preliminary treatment 
3ing them into the sewers, 
mdards of the Thames Conservancy for 
Blow the intakes of the London Water Com- 
that any discharge into the river should be — 
from offensive odour. 

from suspended matter — i.e., perfectly clear, 
ler acid nor alkaline to test-papers. (This 
Tale: natural waters are almost invariably 
e test, on account of free carbonic acid, and 
another, owing to carbonates. Hence acids 
Bs not naturally present'’ should be specified 
feed, or limits of permissibility stated.) 
xnore than sixty grains per gallon of total 

xnore than two grains per gallon of organic 
id 0*75 grains of organic and ammoniacal 

Less than one cubic inch of free oxygen per 

v^^ater undiluted would usually be still not 

rman Goverrment Act of 1894 prohibits the 
into rivers of (a) substances of such a nature 
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tliat ini rodiK'iioii niay i^ivi* Iji nri iiifti’fifiiiH 
(lis(!a,sn, (/>) nr in hiH'li qimnlil a:- nmy invnlvn Jin 
injiiriouH jjollnlinn nf wnli-r or of tli«- air nr a 
(li.stinai nniKjyancf’ \(\ Uk; puLlia. A 
tlu‘. ])rovinc{5 in in di-lanninn an In tlm Ihinr'j-? iiial 
qiiantilirH covt-rcd l>y IhiH Art. 

])unng Ihrar riipal uppn.r rntir8i\ na-ainfain HlrraiiiH 
am ^(enoraJly inrbicl. Tlin iiiatif-rH iiri* 

‘qauiually (Ini'Uisiind aa Ihn ('urri'nl h!uok»iiH; hiif, nw 
in fmsh am'*Hsion I'rnin irilaifarii-s, ri%‘nr Wiiti-r in 
mr(‘ly briolit, and in aonn-iiiiins vary flif!ic"n!l Iff t’!:irify 
by filiratiorn An axninpin fd lb*' rbaiif^i* of a rivrr in 
its llr)w IB furuiB.hc'd by tin* Sclnnliu!!, \vlii<’b riM^n in 
Ibo aniliraeiin PnnnBvlvania, irinrti 

nduso ininn waiar and birnniinn bo iiriprf'':niaii'ti with 
iron Halin and fmn jniiinra! acitlii an in bn qiiiln tiin 
Buitrd for drinking ur inHn«fat!tun*:n In ilio anin^^i.^ of 
loo niihes it puHhOH ov(*r an oxtoir'dvi^ liiiir Itair 
a..nd ntooivoH Hovctral lur^n Htmain-H higlily rlnirin'd %ulli 
carbonaio of linitn In tliiH way ibi' arid in nriilritliHO'b 
and tbo iron and niohi of ibr liiiir arr jjri'ripiiiilrib 
\\l\h tbcf rrhult llial tbi* rivrr bmonivH |airrr ; and 
at ilB junciirfJi wiUi llif* ikda^'^a-rn al !1ii!adrl|tlii:i it 
I'niitaiiiH nc'ifln'r frrtt hnljflniiir imr liyifr' rliiiirir 
and only Hina!! iracoH of hulphatti of linio, anti in, in 
far.t, a Hoft wafrr. 

Jiivtn’H wbiidi am bard at tlirir i^uarrr rinii*rii!iy 
niubn-ro Homo Boftonino during llioir Ibm', %i liib^ i In- lotnl 
solids incTciiHo from tho inflow nf ^hJih friaii lln* IiiimL 
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-lins Thames Head water near Cirencester contains 
7*44 parts per 100,000 of solids; hardness, 23. As 
applied to London it contains 80*94 solids and 17*3 
ardness. 

As to the natural organic purification of rivers, 
ory opposite statements have been made. The late 
)r. Tidy contended that water containing 20 per cent. 
3wage became purified by natural oxidation in a flow 
f ten or twelve miles ; whereas Sir E. Frankland, 
y a series of experiments on the Irweil and on the 
hames, sought to establish that 200 miles would 
ot be sufficient for the purpose. But at that time 
ae role of bacteria was not properly understood, 
tmospheric oxygen alone will not readily attack 
:ganic matter in the absence of microbes ; it is the 
umber and nature of the latter that determine the 
bte and completeness of natural purification. In this 
rocess the organic matters containing carbon and 
itrogen are partly absorbed by microbes as food and 
mverted into their cell-walls and protoplasm, and 
. part are changed into compounds of volatile vege- 
ble acids, such as butyric, which communicate 
apleasant odours and taste. Other products are 
le ptomaines, some of which are powerful poisons ; 
lese remain in the water after filtration. 

On the continent, the Isar, Spree, Limmat, and 
anube have recently been examined by bacteriological 
ethods, and the purification effected determined 
iring the flow under different conditions. 

W.P. 
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Not tho hniHi important ar'onlH in Ihtt iiatiinil im- 
provGiiiGnt of wiittii’s uro tho, “ nitriCvin*.^ 
very minute microeoeci of at li'iisi Iv.o nporii ^, whii’li 
have been iBolalcd and deneribed by W iiaf^’railnky, 
Warington, and P. P. Frankland. Ono kind oiforlii. tla' 
conversion of aminonia iulo niiritc’H^ and tin* of tier td 
nitrites into 11 In iln^ pron^sH of liitrifo’atioin 

which has long 1 k*('Ti known in cfaniii'lioii lutii the 
manufacturo of salijadns niirogf'nouB orpaidr 
like urine and iho runningH from uiaiiun% win ii iiiixi-d 
with alkalies or linio and ex|H).o*<l to air, lio.vii ilioir 
organic carbon convorpHl into airboniiloH, ami tin? 
nitrogen into annnonia, to he, in its inrii, *’!iaiig«d 
into nitrites and finally into lutnifi^h, in whieh eiiiijili r 
form the whole becoinoH “ mineniliseil '' iiiid in no 
longer injuriouH. The organiwtiH uiiii'h eflM’i llino? 
clianges arc ]>n'S<'nt in almost all soils and 
hut their activity is dc’pmiditnt on ciilain condilioiiH 

1. The solution niUHi lie ntaitral or iiliainio ; hi'iite? 
heavy and sour soils will not nitrify. Acid di-odiarei-i 
from factories also entindy put ii stop to Ihn riiititrii! 
process of purification. 

2. The presence of air Beams iieceH,Hiiry, Kitrifira- 
tion does not occur more than a few feet in 
(Warington), and then only when Hindi aedhian? 

liko sand or graveh 

3. The action is more vigorous in lliri iihhHm* td 

light, BO that in waters exposed iri fill! il i.i 

suspended, and the organinins may ipitially hn lalbwl 
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In waters loaded witli organic matter and containing 
little dissolved oxygen, (hniHrifyimj organisms reduce 
the nitrates to nitrites, and may eventually convcjrt 
them into nitrous and nitric oxide, or even into 
nitrogen gas. These gases dissolve in and finally 
escape from the water, and thus explain the well- 
known fact that the amount of nitrogen in the nitrates 
and ammonia produced is always lower than the nitro- 
gen in the original organic matter. In comparing a 
sample of water taken from a stream at a point where 
it is much polluted with one taken furtlior down, 
there is often a very niarkcid improvement at the 
lower point, owing to the dilution caused by purer 
tributaries and by water filtering into the stream 
from underground sources. If the How of a river 
be steady, different sources do not mix ; the water 
of a tuihid or coloured affluent can ofUm be tracHul 
as a separate streak along a river for a great distance. 

In I'egard to the self-purification of rivers, Dr. V. 
Frankland Bacteidal Purification of Water,’' Proc. 
/.C’.ii/’., November, 189G), instances his (‘xarnination of 
the river Dee for forty miles of its course. Ahovo 
Braemar the Dee was found to yield only eighty- eight 
microbes per cubic contiirujli'e ; after rectuving thci 
sewage at Braemar, however, the number went up to 
2,829 per cubic ccmtiineire, whilst some nul(‘.B further 
down the numlau' had fallen to 1,1 ifJ; below anotlier 
point, where some more sewage had gained acc'css, tlui 
number rose to 3,780, while some mikjs further it again 
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fell to 938 ; with fronh accosH of it rose to 1 .HHO, 

lower down again falling to 9;"() iijicrohcH {.cr onl.ii- 
centimetre, “a mont ntriking cxaniplo of rciioalcd 
pollution and purification within a liinitfd distanrc." 
Dr. Franldand Btates tliat the dicniical oxaniiiintion 
was not sufficiently delicate! to nweeal thitse; clmng«-.H. 

By waterfalls and weirs tin! wattfi* is thoroughly 
mixed and also aerated. Tins iiuiirovciiicnf cllVolod 
thereby is not so considerable as was furim-rly 
supposed. Dr. Leeds in (ixaiiiiiicd tin; wali-r 

above and below Niagara falls, _ ainl showed that the 
aeration did not cause any dcfsreaHe of the free 
ammonia or in tho oxygen consumed, and gave only 
a small reduction in tho all)nniinoid {■funninl nf A nh r. 
Chem. Soc., November, IWtO). Dr. 1’, Kranl l.unl 
(Third Eeport to lioyal Hociety, IH'.M, p. rdfit fnuiid 
that moderate agitation, with intervals of rest, on tin- 
whole promotes the growth of bacteria. In low-lyin-' 
districts the construction of weirs ami dams for inilD, 
&c., frequently causes groat injury to tiie heultii nf 
the locality by rendering tho soil damp and water- 
logged above the obstruction. In sui-ii a ca.se tin* 
watercourse should be securely ombunlved, and the 
drainage carried to the lower part of the river, as 
it is to a great extent in London. According hi sect ion 
33 of the Sanitary Laws Amoudnient Act of 1H71, 
“any sanitary author-ity may, subject to the prti- 
visions of this Act and of tho Sanilary Acts, buy up 
any water-mill, dam, or weir which inlerferim 'with 
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the proper drainage of or the supply of water to its 
district.” A free growth of algio and larger water 
plants uses up a largo part of the anunonia and 
nitrates in a water ; but, on theotlicr liand, they always 
render the water offensive to the sinell and taste, and 
corrupt it by the products of their decay. 

It is of the liighest importance that tlie current 
of a river should l)e kept strong enough to carry along 
the solid matters contained in it, otherwise they deposit 
in foul l)anks along the shore. These at low water 
are converted by the heat of the sun into betid breed- 
ing grounds of germs, and tlio shallow water is a con- 
centrated solution of liighly dehiterious matter. And 
it is probaldy due to this fact that it is generally in tlie 
time of, or just after, periods of drought and warmth 
that epidemics arise. (jompensation ” reservoirs, to 
divert floods and store the water so that the river 
becornes 1(jss overcharged, are also made necessary 
by the fact that the water, in addition to Ijcing turl)id, 
is always greatly increased in foulness, as, besides the 
washings of manur(Kl land and of strecits in towns, 
numberless abominations, which gei into the snialhir 
tributaries a,nd are left tluire to puindy, are waslnul 
out l)y floods into the main stream. Thus in some 
cases small villages have produced epidemics in 
riparian towns situate below on tlie same river. 
Intermittent stagnancy, Bucceeded by flood, is favour- 
able to the growth and dissomination of the morci 
dangerous organisms. The storm-water collected in 
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cl rosGrvoir would luivo tiuu*. to uiid would Ih* 

cl rcBorvc ti^fiiust poriodH of drouuld, hurli u.h ij cuuitly 
visitcclj with sucdi HoriouH rosults. I#id<*i’h!or. 

By reservoirs tho srouriii.i!; aolioii " of tho i f retim 
can ))e k^pi continuous, and tlio ivM wnU^r 
used to supplonicnit a Hlackoiusl tlow in Unw;i of 
droll o] it. 

Dr. Shirley Murphy has shown that in s]»f»radic 
cases of enteric fe.viu- occurred in London uftor the 
delivery of incdrudiudly liltered Ih-uueH uiiler when 
the river w'UH in tlootl iu the. latit autumn. Ihns, iit 
St. George’s, Hanover Square, out of ilie si^lvdive 
cases of enteric fe.v(‘r which liad (N'curred in the district 
during lHi)4 no f(nv(;r than Iweiifyuiine ri^ n» tilled 
in Novemher and .Dcu'eniher and oidy foiirli eii in tln^ 
three previous niontliH, when tho seaseaial jU’evaltuice 
of the disease UHually tuk«/H plaee. 

The pollution of Hinallor trihiitarieH from rmm :u*o!i«, 
farms, and ditches is Hehloin prevonled e\cf‘pt in 
those casoH where the river is under tlie confrol nf 
an active authority, whiidi liasHj>irial po^ver'- rfiiifii-refl 
on it hy Act of rarliaiiiiuiL as in I lie ciise of the 
Thames Conservancy. 

In the lower reacdu^s of riviu’s large i{miiilifies nf 
seawater are carried up hy the tidcH. Ah .-eii wiiier 
contains a high proportion of salt fchloridi^ of sfiihiiiiii* 
the amount of chlorine furniHlies a lueaHiire of llie 
admixture. By this tfist it has heeii found Unit iil 
London Bridge the river coiitairis iilioiii cjiie-fniirtli 
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of sea water. Tlio first effect is a conRidoraMo depo- 
sition of solid rnaiters, due belli to retardation by ibo 
tidal wave and to tlui precipitating action of salt 
water. Dr. P. Pranlvland finds that the inffux of 
cbloridoB favours the niultiplication of soino bacteria 
to an extraordinary extent, especially tlie gcirins of 
cliolera. The high percentage of salt (or chloride 
of poiassiimi) in the Elbe may have accounted for 
the severity of the cdiolera epidemic at Hamburg. In 
London also during some of the earlier outbreaks, the 
East London supply, where the disease was most 
fatal, was mainly derivcul from the tidal portion of 
tlie Tham(‘-s. Brackish waters from tlie estiuiricjs of 
rivers, as w(‘ll as tlu^sc^ drawn from the gravel nea,r 
the sc‘a (exc.ept from tlie occa,sional fresh-watcu* 
s])rings, pp. 75, B2), are ciuito unlit for drinking, apa-rt 
from ha,cU.*riological rciasons, on a.cc(>unt of tluj large*, 
miiount of sodium and nuignesium (diloride, which 
render them purgative and unwholesome. Sonuj 
inlajul waters from marine formations like the Trias 
([). JPih) are iinsuitahle for drinking imrjmsoB. 

The nn‘asun;ment of the volume of flow of a river 
is cjasily nmhu-stood in theory, hut tluuaj a, re, nuuiy 
practical difficulties. If the widtli and the depth at 
several points ))(j found, the transverse section can h(i 
plottcul, and the area found hy ruling H(|uareH on tluj 
drawing. A gn!iit numlmr of su<‘h stictions hiring 
imidc, an avenigo is obtained in wpiani fcjot. Tin*, 
moan velocity is then determined by hoa-rds sunk 
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at different d<ndliH udarlu d fn iUAH. A h ri. H ui 
oLservationn being made, ibe uvenn'e rate uf i|..vv 
in feet per lunir incbiaiiied. Ibe-, maliijth. d In Die 
average 8(!cii(.nal area, give, the nninher .d euhi.' feel 
of water paHaing per hnur. 'In •■aleiilate inh. j-.dlenH. 
0-24 galloiiH oqnal 1 cuhie f.,..!. The average daily th.vv 

of the river Thames at Dilt-m in sMliunH, 

of the Bewru !$()0.(Hi(ld'('(h the «' Vurk 

140,000,000, the Tiber at Hmae a very rapid rivi-r 

— r),r)00,oo(),oo(). 

It may ho generally stated that tla- water wipply 
of towns sliouhl not he taken from river, it it run 
be avoided. The uniiltered water of riveri i. never 

safe to drink, eapeeiully in llieir hover pe.rli..tiH, where 

many of them, as sliown by their uppeitrauee and 
odour, are praetirally open sewers. In the Seine, 
where mimhers of wahh-Iiouses for linen are i-Ntah* 
lishedonthe hanks and in the stream, Mi-pad found 
that the river wafer, eontaining originaliy Ifi.iitm 
bacteria in one euhic eentina tre, eontained no less 
than 20,000,000 after jiaHsiug throiieh a wa h hom-e, 
and many of tlieso organisms would hi id the more 
dangerous class. 

There are a large imnihiT of rivers throughout ihe 
country furnishing water for di.nieNlje pinpo.i-i* whieh 
are scarcely ever exainineil by ehemienl or hiicterio- 
logical analyses. The purity of sewage rttlnents and 
the character of the diseharges from farteiries are 
occasionally examined liy loea! authorities, luii iiKiiuliy 
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not until a complaint is made. The existing Acts 
having to a great extent failed in operation, it 
must be laid down as a sanitary necessity, if rivers 
are to be used for any water supply, that a regular 
system of inspection by officers of the Local Govern- 
ment Board be established, similar to the existing 
system under the Alkali Works Eegulation Act, 1884, 
with regard to the purity of air. 

In respect to the London supplies from the Thames, 
in which much more care is taken, there is some 
divergence of opinion. The Eoyal Commissioners of 
1892 reported as follows : We are strongly of opinion 
that the water, as supplied to the consumer in London, 
is of a very high standard of excellence and of purity, 
and that it is suitable in quality for all household 
purposes. We are w^ell aware that a certain prejudice 
exists against the use of drinking water derived from 
the Thames and the Lea because these rivers are 
liable to pollution, how^ever perfect the subsequent 
purification, either by natural or artificial means, may 
be; but having regard to the experience of London 
during the last thirty years and to the evidence given 
to us on the subject, we do not believe that any 
danger exists of the spread of disease by the use of 
this water, powided that there is adequate storage^ 
and that the luater is efficiently filtered before delivery 

to the consumers With respect to the quantity 

of water which can be obtained within the watersheds 
of the Thames and Lea, we are of opinion that, if 
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the propomilH W(> have. rc<-<.i.uiHn.l.-.l ;.i.- a 

sufficient supply to nH'cl the uant. ..f jh.- lu- !r..| ..ii. 
for a lone tinui to coiut^ niuy he foinei v. nieeii .uiv 
prejudice to tint claiiiiH or uialerial inj-iy n. She 
interests of any disl? lets ont; i.le the nr. a of t.r. at. r 
London/' 

Hiv Edward Fnniklaad. in n I a! tia I;. a d 

Institution in Fo.hruary, iHliii, hUitjiHifid liii. r-n,- 
elusion, Hiid also slutnd tliut ‘ n*4 h aiia’d*' laiiiufM] 
organisni laid ovnr la*« n di i '»iii in ti;i 

uniiltored river wuiar an it i iOi ri'd tlia inlakrH *4' lia 
various companies, nlilnai’di llsrnr Mriraid'au'-^ load 
l)een dilig(nitly Hou;.d‘t Ihia ia puiiaJI} ra 

plained 1)y ih<t diftlculty ef i-e!,i!in;4 them fienn 
an innnense voliunc^ ol‘ uater, ujel nf ideniilv in;;’ thrin 
conclusively uheii foutid. rrMh;dd\ irine-u- luii 
(p. dOn), worked on iinn^e ipiantili* of j , Mall 
eventually suee(;tal in diaieAf-rine anrvivMi..t td tia* 
typhoid and other patho^^enir hiHolli dial iinii.<iTi!i|i-dly 
enter the Thames. .Hut ihe n-a! !»* i.i- 

found in th(i faet proved hy Hr. Herey Vrnnl.l-di^l ami 
others, that uiiHterih*. surfa«*i' iik*- *h.nt. **! lia- 

Thames, possf^sses haeterieidal ptoM-ra iiTr p*a!av 
the farther miiiliplicntioii if nuy *d' ih*' 
water-ha('illi. Jh*. has, hnwf’Veia al. ^ pr^vt 4 a f 
typhoid and cddier haeilli iiii|.!ht, H 
and in extra numhers, heeoine hahnufifi.-d lia ir 
surroundings; ami tlml, (’Vi-ii if cuily n fi'M- ia'anaii.ir*h 
perhaps bo scattered m to escape Mi*ia-iw ateni, Iher 
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would, when by chance inirodnctul into a purer 
and naturally Bku'ile or HteriliHtid wahu*, njconunence 
multiplication with (*xtraor<linary vi^i^our, ho that in 
this way a seven*, epidcanic nii^ht bo occasioiHid. 

The lUiport of tluj lloyal (Jommission was by no 
means universally accepted I)y scientific, men. Indecsl, 
the highest medical and Hci(‘ntiric opinions an? })rac- 
tically at one in stating that tin? drinking waic*r 
of a populous town ought not to he tjik(?n fn)in rivifrs 
running thn)ugh cultivat(?d and inhabihid kinds. No 
fewer tlian tlircjo of the memh<?rH of tlio reciait Iioyul 
Commission were exainincjd as (jxp<‘ris on the. Bir- 
mingham 'Water Bill in IHUti, and they all (cxprijssod 
this view with more or k?.ss emidiasis. No <k)ubt, 
careful filtration will rciinovct much impurity, lait it 
is admitted that no system of filtering on a large? scaJe, 
can he rfilied on to nunove all pollution. I’lie. Royal 
CommissionerH themselves found serious fault with 
the filtering and nisc^rvoir arrangements of some 
companies. It is wtdl known to any analyst who 
has examined daily Bampl(‘s of London wafers that 
most of the <'onipanii?H supply at inha'vals, and 
invariably at times of flood, watt?r iliai is more or 
lc?SH turlad, and tlau'efen? has net heem (dlici^uiily 
filtered. And it is ohviouH tha.t where Hiispended 
visilde mait(n* is pn‘H(?nt the, more suhtle bacteria 
may also certainly penel rah?. 

In favour of tin? propesed supply from Wak'S, wliicli 
will btMlescrilnjcl in Chaptiu’ VL,p. B5(^, ii may bepoinleci 
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out lluit iho pn‘H{?iit ^riiaiiH'’H i^vnltin not milv rtiliH llif* 
otlior iownn of 11 h! lliaiiit-H \iilli’V f^ir tli*' !« lirfil rtf 

liOTidcm, but HuhjorlH lliiiii b* a hvnxy in 

trcMiliiiK tboir 

TIio averii« 4 o iluily Fiipply f!ii^ Ilijiiin-H 

Nnvoiiihor, wiiHubool ; fmin 

Ixdng in ilia |iroporfi^oiH id lifty-iiiia' 1 iVirniT- 

one Lem, aucl twoiity imm auil \U'IIh. 

TliO aniount of wdi«I naittor ran i«^tl f|ott-|i by 
in fmiutmtly oiiontiotiH, Tlio Mi:-'4M4p}ii loo* 
caleulaical IfHmrry down o{ ;■ r,aipri 

matter yoarly ; the Ganges over lijWtbi.oii ; iln^ Tliiiiir*-!* 
about 2,00{),(m 

Notk.— T he Iioyal (*oniniiNi4oii on »ji^ 

pointed in i.Hhiu^d in duly, IWh. an Iiib-riiii 

Itf^peirt whirh rfiiitd!ifii‘:-4" ■ that til*'' f4io|di^f:t 
meaiiH Hlaaild l»»* piaivid^-d f‘ir adi'^jimlr'ly |e iiii 

our rivern/* lUid fhai ,wririitili*’ ■rsp*iiio*''iii>4 ^4eoild 
Ijo niiried euii to li^^f'iuiaiii nil ihi* mil of 

liltion iipailiHi wldeh lliey i^iioiiM |»rr4#'».'lr4/* Tbr-V' 
reeonniiend eronlioii *4 n neparair: ui 

II ninv de|ii4rt.iiifUii of tle^ Lrwuil I #Mir--riiii«'iil. 
wliieh hhiill l«^ a Hupriitio Antiiorily . * . 

when iippoal i« fiiinle to lliriio ^Inil! IniVr itowi'i" hi tabr 
j iieiiori ill v.imm wlierti llie ioenl iitilllorif ir ♦ ioi; ^ loiir I 

to do mh* 
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It Iliu4 hrrn liIrrJMlv l4||fl'4 lllllt ill! tlif* 

f 4 fill ilir- rjiitJi'H huthvp liiii'i* iiriKitiifllj fiilliin 
111+ ruin. 1 Ip*' ifiirliiiitptiH nf h'iimhi-h nMivi IJip vpltntU! 
f 4 iTVrr.'* hiskI »4 i-Vi'i")' ih’M- 11 * 4 - f*'*! I»y i% largii 

iiipi«-ri.ir^iiiipt •' jrt^rkrl mI fir ii Hyninn of 

ill ijii^' rlialli, Hlonffto of wiiior 
tlifii lirrirtMijyy, fii wiiiiif ii.iriililir !4 lliiiurci 

lIllH IfV IliPiili'li Ilf lilkr'H, fifilllf'lillirH of Vlil 4 t 
rifi ill C'’'iiiiimIh iiipI IViilrii.] Afririi. Wliorii 
In! }n' tlii'V fiiivo lliii rlt?iriii*l.iir 

pf .fppliirp- iiiiii-r, 11^ ili’-wrifioil oti 71, 

wiih tip-' fiirt}p-r wlioti lliti liikfi w litrgo, 

iii:il it hm n Imig |»tirifiriiiion 

hy iiipl nn lliiit it iiftrii iiilfiirm ii 

}ii;:li f4 ttit*! of orguiiii’ |tiirify. *MoHi 

Ilf llift rliirl Umun ill lllf? Norfll tif f4lg!illiii ilorivii 
ill hu^i |+i«'i Ilf tliiir i^ii|i|4y from iiioiiiifiiiii liikoK, 
lilluo* iiiiiiir^il m iirlifiriiiL Chi iifTmiiii of 
fii^^liiiirr. from rr*iil4iiiiifiiiltoii, iiiiil Ilf llirir griiit flojilli 
|irrioilliiig llii! Miltii |<4irtirlf‘.ft Iti Ultlmttlli tllfi 

rr-:irli «tf Mirli w til fur mrmtijii|ilimi 

lillriilinii, IIip only jiroriiiitifiii biting to kmiji 
lli*^ long aiiil frciti frciiri orgiiiik 
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life. Ab haa l)Bon alrc'iidy niciilinripd fp. tlir^ 
^eiTHH of (lis(‘as(% wliiolt an* rapidlv or i-viii 

killod by BiH'li an iinpnn; wairr an llial of tJn* TiyiiiioB, 
muHiply with oxfraonliimry rapidity in n piirn 
like? tho \vat(?r of Looh Kalrino; llin 

are a-lno favnurahh’ for olln-r niiiiiilii pIiiiif.H^ otlior 
infuHoria or a-niiiiali’ul(»H whioli on i!iom? plant^':. 
and init'rohoH, wliiidi rouHiiiiio piaiilH nini iio 

fusoria aftc*r tlirir doalh, to frooly df-\i'!iiji. Huh 
fact, which han uciually hocn advaiicinl hh an 

a inountiiiii rnjiply for only pnm-n lluil 

wh(!n pnro wator han Ih'cii oiitHinofi tlio i^rrau-td nrro 
hliould h(? to protof*! it frorn piilliitirtn. llmt 

any ona Hhould eontiniin to drijjl an iiniirin* or 
ful fluid vvlutn a hoilor om* ii*^. will not 

he wrioiihly contondocl, an, atllnaiyh mav not 

he dirifcily or ohviouhly coninnniirnti' h tho rilVfi, of 
a had water, e\eii when porforfly lillrmh lia •• hti^n 
nhown to he dihiinctly hnveriiii^ to tJif* roii?^iiliilioii, 
and U) part* iho way lowardn llir rrci'piion nf 
injurious intluerici-H on hoaliln 

Loedi Kiita’iiie in uhmi {mty from f;in‘-yoii% 

Tun wilier ia hroiiolii to lltr rify liy ii rhi^'d ronrimf, 
and in very clf%ar iiiid hiiidil. If roniaiiiK in liiiyiatii 

I'JiirtB, *I* 2 H of t.olal j^oIiiL-, cd lo'yanir rafhoii, 

(p. 274), iMIH of orpanh- nitropom UiUi of iiilropni iin 
iiilrjiteii Ilia! nitriteH, fiuiii of r'»l<uiiiii rarhonatfo trpf, 
f.liloriiic, 1 Mti of fr*-e 11101110141:1. mid Ii:r: a liai'dln-^’i f f 
abfilii half n pridn per giiJJoin TJif: rohnir faint !y 
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It. %\ill til* Hfiii tlial it h tm 

iiigly u-4f-r, ili«^ lii!.*li af rarlKiii Ic? 

iiuit.ifr h tif n 
iiat.iiri% II. i.H ihai Cl|iu4^is\v niivm in 

Hfiap. .fiiin'1'1 h^rh Hairiii*! tvatia% .I'UttJMIM 

iiniiN.ally. iiiiuinfiM’t.iirrr,>^ t}ii^ at tlii.‘ 

wiik-r i'H m! itri»af Viihi«% Hiilii iaikis (ttw ii! tln^ 
jirMjsu;-;rsi f*ir Tliirhnt^tv, wliirli niiji- 

jilit’H ;ui4 *st,}ii<r laki^M f4 Wwiliiinriiliiiiil, 

111*1! Ilf f4iliilar ip’lrr. 

All f*f flir i.i{ Hiifl f4.ilhif*HH 

ill iiltaiiiiiii: m by flii! lUvnr 

mliif'li th*’ LaliP tif lipiii-vii full pf 

mif4jiiii4p4 bill Piiiia'itPH I’b'iir iiii4 bri|,^ht. 

Tri fliP riij.-iitrify nf ii iiiiltiriil rimi*!’* 

; ii*4i ,ii lub*'. aij4 hImi lt$ {urui mu* wliprii ilni 
«4 lbi‘ Viilli-y Iip'^ais4i nliirli ii nirmmt fbiW ;4 urn 
Huifwimitly mi Piijbaiikniifiit m Iniiti iwmm 

llif^ fi5ii|i-i. «if fJii4 litml iirii vi^ry roitiiiirjtt 

ill ilii' I iiiii'4 fniiiill Iiikp.f4 iiri* |iiiiiit4fiiL 

m iilftii ^ini|*lip4 IrMiii Lcaii^priliibi viilliyy 
by ni% in \villi liimw 

Mi-ffiiiy 1*1 l«iii ff^ri lii-ln T!i«! }|*»ll*iii i?nibaiiliiiipiii nl 

in }2*t b-^rl 4r-p|*^ riin? at Villur 
III Hpaiii* I Am ninl fiiNilli«’'r iil Hi , KiiPiiiifi, 

ill Fmip’p', |iii Tltp iif^w ^^alii'wprka pf ilifi 

Ilr;i4bn'4 iin4*i4p ii rifwfir%^f»ir iii Cbiiilli« 

Wiiitp, Jnitf fivrr liv«i liilbm lit 

iilpl Iicil4lii|| iiiillipfi yiillpiia of iviitrr. 
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Before proceeding to the selection of a site for 
a reservoir, it is necessary to make an accurate and 
continuous observation on the flow of the streams 
that may feed it and the amount of rainfall. Where 
there is considerable storage accommodation, the ill- 
effect of a dry season is not felt to its full extent 
during the drought, but ensues some time after the 
rains have begun again. It is not uncommon to lose 
a large proportion of the first rains by their rapid 
flow over parched or frozen ground. About 15 or 16 
inches of the ordinary rainfall is estimated to be lost 
by evaporation, soakage into the ground, &c. The 
greater number of watersheds of England are already 
appropriated by towns, even beyond their present 
needs, to make provision against future increase 
of population.” Towns like Middlesborough and 
Barrow, which have suddenly grown up from 
small beginnings to considerable magnitude, are 
threatened under the present haphazard system 
with having either to remain content with insuffi- 
cient or possibly unwholesome supplies, or to buy 
watersheds at fancy prices from the forestalling 
neighbours. 

Here is a case when it is the province of the State 
to apportion the upland water sources according 
to the needs of the populations,' and to see that 
^‘private ownership” does not offer such hindrance 
as it has frequently done to local enterprise. It 
is hardly necessary to mention that high culti- 
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vation with mamiring should not be permitted on 
the lands providing water for storage reservoirs. 

The selection of a source from which to obtain a 
water supply depends principally on the following 
considerations : — 

1. Purity, volume, and permanency of the supply. 

2. Its elevation and distance. 

3. Nature of the intervening ground. 

4. Purchase of water rights and easements. 

English law has decided that the property in water 

in a river or stream flowing in its natural course 
belongs to no one, but the use of it to every one 
having the right of access. Thus a local sanitary 
authority must first come to terms with the owner 
of the land whereon the spring rises, or the riparian 
owners at or below the point at which the water 
is sought to be taken. Sometimes compensation 
reservoirs ” have to be constructed to store the flood 
water (see p. 73), which is then allowed to flow as 
required, so as to minimise the interference with the 
stream. An easement ” is the right to lay pipes or 
tunnels through private property, and to have 
access to them for repairs. (For further details, see 
Eural Water Supply, by Greenwell and Curry : Lock- 
wood, 1896.) 

Where the source is elevated, water descends by 
gravitation, but in other cases pumping has to be 
resorted to. The former generally involves a larger 
first outlay, but a heavy annual expense is avoided, 

JL 
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‘‘Impounding” nuscu-voirn Horvo to romocly irn*gu- 
laritioH, tludr Him and nnmbor di'pfiidiiig tni ilio 
population. In England, 20 gullonn pi-r lii ad par diiy 
IB g(merally allowed for noii-nianufin'iuring, and 00 or 
more for nianufacluring townn, Inii with reiiHoiialilo 
oconoiny Ii^hh would he mailed. 

T 1 u 3 eouHtnu'iion of ntorage. roHervoirn iiividvi-a iiii 
cixamination of llicj ground for the foiimhitimiH, and 
the BuhBoquent ereelion of an iunhankifieiit, SjiringB 
and poroUB hedn often raune trouhle. Tin? hliglifoMi 
leakage, if negleet(?d an at JohnHifnvig T.S.A., perinitB 
ilie water to gradually mmr a pa-HHiigi! until Binhienly 
the whole given way. The lioiiiilirlli rew-rvoir, 
whicdi burnt in 1852, wan hiined on fn4Hured Binnh 
Htone, through whieh water l«taked till the harrier 
waB undt?nnined ; tlieii a llood eoiri|di?ted Ihe cite 
Htruciion. 

dcu'onuf Park reBorvoir, }imv York, for liigli iiji« 
land water, will he 2h!^ aerea, iiiifl will imhi Ifiilil 
million galionB. The new SlnineH ri*Bi’rvoirf4, London, 
will draw from the Thaiiieii ahovci Hell Weir hy ii 
conduit imrtly open and part ckmed, iinder 

two rivc?rB and two riiilwayti. The pipeB will he il h^ei 
B incliOH, and B feet B iiieliea diniiielfu% iitiil ihit 
reBervoirH !| luileB Itmg, with n rajimdly of 
iiiillioii gallons, for ifa.i Kew Liver, WVhI 
mid (Iriind Junction Coiiijianifm, 

The Hcheiiio for Hiipplyiiig Imiifliiii wdtli pure* tijdaiid 
wiitiir from Walen, duo to Bir kUmmuhr lliiiiiie, hhr 
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enKinoer to the London County Council, proposes 
to collect the head waters of the Usk, Wye, and Towy 
in five larRo reHurvoirs, from which the water would 
flow by gravity to London through two aqueducts 
of luaHomy and concroto ICO and 175 miles long. 
Iwo tunnels would occur in the course, a siphon pipe 
i:U mikiH long under the Hovorn, and several bridges 
of ii on pijajH across the valleys. The service reservoirs 
would he at lllstreo and at Banstead Downs, at a 
height of :M2 feet above sea level, from which the 
water would flow by gravity to all parts of London. 
The irnpouiuling rosorvoir near Llanynis would 
contain tJl ,000,000,000 gallons ; its dam, of masonry, 
would l>e ICO foot high. The rocks over which the 
head waters flow are of Silurian and Old Bed Sandstone, 
and the water is similar in purity to that of Loch 
Katrine. The rainfall varies from forty-five to seventy- 
live inches per annum, or about three times that of the 
Thames valley, and is usually very regular. It is 
estimated that 415,000,000 gallons could be supplied 
I>er day to London, which is sufficient for the probable 
increase of Ijoudon in the next fifty years.* But, as 
pr(ivi(tuKly numlioned, it would be neither necessary 
nor ailvisablo to take so large a supply, and risk 
inconnmsling the local poi)ulationB. 

The winter of 1805 proved that the present distribut- 
ing mains sire nut laid deep enougli for protection from 

• In the LniiflHn Watiir OempnnioK’ Bills of 189G it was proposed 
to taksi a total ot IW million gallons from tho Thames daily. 
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frost; they have also frcquontly Isotai iiijtin-d liy lu'iivy 
loads passing over tlioin. Whilst repairing, a wooml wt 
of mains could bo laid, so as to provi«lo 'i’luum H water 
for common purposes, and the purer mountain wafer 
oxclusivoly for drinking. l'’rankfort-ou-tli(i-Maine has 
already a douhlo water supply, where sjiring wa{» r 
is supplemontcd from river and groinid soitrei'H. 
Vienna has also suecossfully carried out a dual plan. 
The improveinont of wuhir in reservoirs is largely 
duo to tho deposition of susjKindeil mineral matter 
and bacteria, but, in addition, open sloragi' favians 
tho beneficial action of aeration and light. It would 
seem at first sight dosiraldo that Kcrvieo reservoirs 
should bo open to light and air, as by such means 
tho brown colour of mcrorland %vaf«!r would he 
bleached, matters dermsd from sr-wagis osiiiised to 
ammonia and nitratos, and the hm-teria iintiigonired. 
This would bo tho case if the wab.-r ctmkl Im kept 
free from algm and infusoria, hi»t unfei (unitbdy 
those are favoured as much hy light as the Itjwer 
organisms are onfooblcd. Tho mimit<! algio wbieh 
render tho water green (Sconedesmus, flrtfierium 
and others related to the Jbismids, nr»* speeially 
active), also cause an unploasant fishy labuir and 
taste, which, though not |ioiso«oiis, give ris.- u, rum- 
plaints from the consumers. Many altempta luive 
been made to remedy this evil hy fuunfttim«, circula- 
tion, and scouring, but tho alg® grow rapidly wh» n 
supplied with fresh water, that it has bi»?ii found 
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impracticable to suppress them at certain seasons, 
especially in hot countries. The Massachusetts Board, 
after lengthened experiments, concluded that while 
surface waters were generally improved by storing in 
open reservoirs or tanks, ground or subsoil waters 
underwent rapid deterioration from algae unless kept 
in the dark. They also conclude that the colour 
of water exposed to the sun in open reservoirs is 
reduced by storage ; but it must be stored for 
several months to cause any material reduction of 
colour, and from six months to a year to remove 
practically all of it.”* 

The main distributing reservoir at Yienna is in 
three sections, lined with smooth Portland cement and 
covered with a roof supported by granite pillars. 
Conical glazed openings and ventilators supply light 
and air to the interior (Fig. 28). The capacity of 
the third extension is 10,470,000 gallons. 

Beep well waters are not improved by storage, but 
are better delivered as pumped, provided they are 
clear, which is almost always the case after the well 
has been worked for some time. It has already been 
pointed out that pathogenic and other bacteria multiply 
in them with great rapidity. At their source they do 
not usually contain more than two or three bacteria per 

* G. Bertrand is investigating certain soluble ferments termed 
“oxydases,” which possess the power of bleaching and precipitating 
the organic colouring matter with absorption of oxygen {Com^tes 
Rendus, cxxii. 1215). 
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cubic centimetre, and i)mm hiu^a lirol^iibly got in 
mainly l)y accident. Ibit on expoKiire for a few lioitrH 
in any vcmmil, tliere will bo InnnlrcMlH of biic'lfrin, mid 
perhapB millions in two or llireo diiys, nfier wliirb 
time they will diininish liy nintiial oxliiiiiHtioii iind 
(lostniction. Hurfaco watitr on ilic^ other liiimi fifties not 
show any Hiudi multi jdicaiunn tin's rliftngo having tfikim 
place to its fulhmt exhmt during tln^ pri vioiih liintory 
of the water. 

It may bo Bummed up ihui I hit only wiitf rH w hieli 
deteriorate on Htorage in |>roperly propared rof^i-rvoirs 
are those whic-h are filterc*d or takc!ii from Hiildfi'njiiiiin 
BOurcOB. When they nnist he stored, they should he 
kept in closed reservoirs arelied over like fdioHe of Ifie 
Kent Company at Dc^ptford. But siirfiicn miitors iint 
never injured ly pniprr storage; on the eonfriiry, in 
the groat miijority of oases I lay lire very liuitfi’iully 
improved, and th<! jioorer the giiiility of tin* wiiU^r 
and the greater tlie amoinit of orguriic nnittrr in 
process of change, the more eonspieinm-H is ihm hnielil 
of the action of liglit arnl air. hiveii I lie green iilgie 
and other w%ter plants, as Br. Bokoriiy Inis shomn, 
can use up as a nutriment ninny of llie orgiiiiic 
impuriiic*H iliat are drained into Anil yet 

the recurrence of the ofTensmi resiilts nf fln^i^e iilgie 
may coiiipid the adoplioii of covered resi*r%*fiirs. rel^'ing 
on BuhHC*qiient filtration for tliii removal of linrieri'i, 
ereriotlirix (p. and fungi wiiicli lire f*iii‘fitiriige*l 
by the tlark. The depth of o}s?ii resen^oirs 
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not be under ten feet, and preferably rather more, 
as an increase of depth hinders the growth. Covered 
reservoirs should have about two feet of earth 
above the roof to keep the water cool in summer, 
and ventilators should be placed at intervals. A 
reservoir must of course be covered when close to 
a town or factories, especially after the water is 
filtered. 

The sides of open reservoirs should be well pro- 
tected, sodded, and kept free from animals, &c. There 
are recorded cases of dead bodies having lain for a 
long time in reservoirs, and intestinal parasites may 
easily be derived from such carcases. 

At Southampton and other places, an ingenious 
electrical apparatus, worked by a float, signals the 
depth of water in a distant reservoir to the pumping 
station. 

The average cost (and hardness) of different classes 
of supply is said to be : — 

Surface 4 degrees total hardness, ^d. per 1,000 gallons. 

Eiver 13 „ „ 9d. „ „ 

Spring 20 „ „ 1/- „ „ 

But this of course must vary immensely with circum- 
stances. 

Private storage in cisterns will be considered under 

Distribution,” in the next chapter. 



(!IIA?TI'yE VIL 
insriiiiiUTios. 

Wk Imvo 8(i<tn in tlio jirttvioiiH {-hiiptr'rH liow pnrn 
water may Ixs reco^tiiKcd, how it ean ho ohtairiefl, nmi 
how it is to bo storeil. Us proteetioii iluriii;^ tnuisil 
to tlio consumer is of iniiiorlaiice. At Moun- 

tain Ash, in Glamoroansliire, a Loea! (hivernmeiit 
Board inquiry into an outbreak of lyi»hoid rev«‘uli tl 
that the mains had hoeome (••mtaniiimteii from tlm 
soil. During tho Hast Isuidon inquiry in iMit-'t, it 
was found tliat tho water from the slreel hydrants 
issuing directly from the iiiaiuH was of the (Hulinary 
character of the company's supply, hut it was sug- 
gested on tho analysis of privaki samples that the 
supply to hou.HCH was miudi inferif»r to the water iti 
tho company’s reservoirs and in tlie largo pijH-s, 
Collectors were therefore stmt into the small alleys 
and dwellings, and samples taken from the house taj>H, 
after these had been cleaned, to repreHont tin? fluid 
actually drunk by the people. All these sarnpleH, 
when analysed chemically and hactoriologically, proved 
to hav(! derives! impurity frfun some Hourwi in their 
transit from the mains. Tho fnilurrs of l!m East 
London supply during tho previous winter hud heen 
already attributed to leaks in the pipes, ami it was 
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thuH (loraoiiHtralod that not only had water been lost 
l(Ut that dan^Ju-ouH matter from the soil of a poi)ulous 
tlistrift had ilUTusod inward through the leaks. 

At EaHtUouruo, in it was suddonly discovered 
by a privalfi analysis* tliat the water supply of a 
portif)n of tho town had bocm contaminated by salt 
wuUsr, which luul hulked through fissuros in the 
chalk iiilf) a widl. 

It is, therefore, important that a householder, 
before going to live in a now locality, sliould become 
acquainted with tlu! nature and puronoss of tho water 
supply, and when the piiass are found to be old, 
small, or Hlmlbiwly laid, to eilhc.r avoid a tenancy or 
hav(s the defect reunulied. 

In Ihtman times pure watiir was brought from a 
distanco to cities by uipuulncts, many of which remain 
as ruins, while some aro still utilised. Theso wore of 
Hidid maHoiiry, carrying a conduit lined with cemented 
bricks or tiles. Across the valleys often throe tiers of 
an-hes, with a height in many places of more than a 
hiiiidnul feet, were constructed. Homo of these 
s(njctur««H were completed sevitral ceuturios before the 
{ ’hristian era. Ancient Uoiiie, with its nine aqueducts, 
served its [xoplo with JUKI gallons a day per head, 
including the snpl'ly for tho public fountains, baths, 
circus and amphitheatre, and for sanitary and trade 
pnrpnnm. A sjw.'uiai Htate <iepartmont administered 

* irifs; 31 'Tf#; noiift ; nItrikiB, distinefc 

fr.ir"!* ; ‘(HQ; lariiiKinia, <KM)5; albuminoid, 

iMUMl A pmnmm Imd abtmn mom organlo matfecr. 
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the supply, and, as a nisiilt of IIioho cdFortH, tdaHHic 
IlonHj wan far nKa*c healthy than the iiaHlern city. 

The water of the Ncnv Itivor (J(Hiij>any wan origi- 
nally hroii^dii to Loiulo!! hy an aqur^dnei with Hevoriil 
tunnolH. Tlio adoption of the hnilt-aqiK'flacd, H3^ste!ii 
wan prohahly duo to the fart that jdpoa of HufTirii ni 
caiibro and Htnui^d-li wc»ro lad- availahlo. Tlio anrioiilH 
wen^ citrfainly well aware of the fart that waier 
will rims to its own hivel, and that, eonm’qraiitl\q 
if pipttH dip clown in a valley, the water will riw* 
tc) the Huine lusi^ht on the other Hide, hut in a 
(dear atnioHphere there in ^reui inlviinfarte in iiii opiii 
ac|uc*du('t, it can he eanily cleiuied and guarded, 
and allows of the heiiefieial ariion of Uglii arid aii% 
Hut in pojMilous roimtrieH it is neeeHmirv Unit mt 
acputduct Hlauild lie tdomal, to guard agaiiisl eoie 
taiiiination ; luuice a line of iron jiipes of Iiirge 
dianudeU’ BUjierHedeH Uie old open rliiunu’L Thci jdjuiH 
pans undijr rivers and eanals hy an ** inverli^d. miihcirr* 
(Fig* *2fh nieiitioiie.d in eonneelioii willi iim 

proponed London supply from Wales fp. Lit), Hoiiie. 
tiiniiB it is iidvimihb to crosH an ole^lriiriiiui hy n idre^efl 
girder conduit (Fig, #J0|.* II miisi he reiiiiiiiherefl 
that iron pipes are iiroporlioiiately w’l.^iiker us llndr 
diiimetcsr increiiHeB. Tlici incoiiviiiiftiiee iiiifl iciss 
fiiiiiiiclirig ihifir hiirstiiig were exeiiiplifii^d in iJie 
rupfitJire of 11 twonty4fi«rdiifdi itiaiii iil c1p-Leii in 
Biipkiiolier, iHUh, and at I {aiiipHlead in AiigioU, HinL 

* Ik^lmh *A til#,! iCivrf ifngiiiiMii nt t l-ili i*e' f;jt*r|| 

ia the Mngmmrimj Yf/tk, FfO*,. IMh, inmi, 



Carta f Otock. 





140 


WATER PURIFICATION. 


One of the latest examples of the modern style of 
aqueduct is given in the Mourne water scheme for the 
city of Belfast. It is proposed to furnish an additional 
supply of 30,000,000 gallons per day by means of an 
aqueduct thirty-five miles long, comprising seven miles 
of tunnel (part of it passing under Slieve Donard, the 
highest of the Mourne range of mountains), with 
sixteen miles of covered conduit and twelve miles of 
cast iron siphon pipes, thirty-six inches in diameter. 
The service reservoir, about five miles from Belfast, 
will contain 90,000,000 gallons. From it the water will 
be conveyed under pressure in large mains to the city. 
The inlet ends of the siphon pipes will be controlled 
by automatic valves, so that the water is cut off 
immediately in case of breakage at any point in the 
siphon. 

Some of the earlier water-pipes were constructed of 
wood.^ During excavations at a brewery at St. 
Helens, in 1895, the workmen discovered a water-pipe 
line of considerable antiquity ; the pipes consisted of 
trunks of trees about twelve feet long, chamfered at 
one end so as to fix in the end of the next pipe. A 
hole of about six inches diameter had been bored or 
burned through the irregular course of the trunk. 
The oak was in an excellent state of preservation, 
having been buried in clay. 

Square wooden conduits are used occasionally in 

* In the engineer’s estimate for the Liverpool waterworks in 1797, 
the following items occur : — “ Elm pipes at 11s. per yard, £1,000 ; 
earthen pipes at 3s. per yard, £1,975.” 
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tins ('uloninrt ; tl»*iy j4ii»iil4 life tamiti, or, at loagt, 
I'liaiTi'il iiiHiii**. 'I h« r»i it* ii«» j^rmd to thorn 

Iwj'ond th« liiihility l« arid tlus had tasto they 

iiftoii eiiiiimMiiii'jih* t*> ths? wa i<;r. Irnii pijum arc now, 
|jijw(!v«*r, g«>ii«;rally iiwd, t|h«i JoinU huing either 
tnrmwi and l»»*r(fd, nr run M|itli li-ad, *>r with tar and 
«ui}’hur, l<» niakii a utruiig aijid watiTtii'Itt joint. 

I’ijHiB of tfH> HiMnil tiiatnisfu r urn fr«*<im!ntly laid to 
tinvi! initial htit the fri. tiiiii «>f a fluid in small 

jii|'OH is Mi» gri-at that tho h>M i>l jinmnuro and the 
fstra jmmjting nmiu than i'<«uiUThii,iant:otiui first cost. 
Tim jiiin; ago »jf UtM} |•alll»llK ja-r ntinuhs through 500 
yards »d f<»ur-in« h j>ijai will ahsorb, i»y tlio friction of 
llm wiils r iigaiuHt ih«< swli-* of tfn! J>ipe, a head of 
1;55 wh» ri aii if a iivtj-inoli |(ijtt! las used only 
4!t fi ri I will ho lo st. 

iron loiiinM ari> nwal in all largo towns, as they 
Imttor jiiij.jwii iho jar of tralTio in the streets. Wlion 
hiirht} in ihm « artli tiioy ran insithor l>o inspected nor 
r»'j*air> 4 witiiout tlm grtsnl exfMiiisit and irHionvonionco 
of i»|« liing !h«! grmmd. All niaitiH htv gas, water, 
i4* rlrjcjiy, and janannatic parrol trausit might bo 
liiid in H rn}nwm innnid soparalrd from one another 
ass tliisl thi rr slmtiid l»B no risk of communication, 
and that in««ry part of Iheir surface bo of easy 
ariM i.», HtirJi a sysUsm i« in pracUsat in many Con- 
tiiii ntaj l*»w«a wiifire all tlio supplies are under 
sinnucipal contml, Thu chief hindrance in England 


\ 
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Effects of frtmt,"ln uii 

the freezing of wntor yiiaiim hun uftfii h^ti Im ^nmi 
privationH owr huyj‘ nmm, m mmirrod in th«^ Ltniiiffii 
water fiunine of IHilf:, It whh j»r«4v«‘il Ifiji! in 
CUHCH tlu.} lauiiiH iiihI lirii4a‘h pipon wm" iis»i luitl ril ii 

Hullicient ('liHlaner' lirh^w t|ii? A iir-ji!}i -nf nui Im,.:-, 

than three feet nix inrln.'H^ ni iho lupuf all pipK^n i4ioii!*i 

be conijHilHcjrv- It ^vill oi? nliviuiiH to iln^ offufunuf^r 
that in ami o! any tlaniieto to or in iln^ 

pipeB he han to pay for waim* that in? tbioh noi 
re(U‘!v(n 

latad l>ipeB of ellipti«‘al m^tHiun liiivi*^ hri*ii jirMpowai 
wlhelii when ii%piualo«I by freerJng lirio,iiiio I'irmlar* 
thereby increa«ing Ibis wadiointl urm of tin* pijir. 
Sueh pipfiH, !iowevei% wlieti mwo iiiiiile torniliir <t»i 
not relnrn to llui rdliptieal Blia|M'n m lliiil ii irnmnl 
freei^ing iiiiphi eanne their friuitirm 
In Ainerieii and AiiHlralia riveted nhn4 pij*efi nr^' 
UBOcl HiieeimBfally. Him Fraiiinwoi }iiim n linn orri 
50 mihm longt whieb ermnm llin hay in 4ri-|i Hr'a 
water, Ihit nkml iiniiiia bavii hmm liiiowii hi K'|ilj! 
without frost. At Mnnidiirsler, in iHftib n 2«i inrii 
riveted pi|ie of ineli slitd ri|i|«'’cl Ifiroiiidi livn 
10 feet lengths soon liiying. Il %tm foiid In Im 
of good c|im!ily niid worhiiiiinfilii|n and hinl hmm 
tested. Cast iron is eoiisidereil siiler, und to h:-. k*m 
acted on by water, Init a gt>od thml ilepeiitlit on tin. 
composition of llie latter. 

The biirsliiig of pipes by friM in cofniiniiiiy allri^ 
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llillni til tlllllV illHlim*! of to tllCI C«im!lHioil of 

liir \uiif ill Ilijit Wiikir on Hciliclifyirig 

r\i'rf;*, ;i |iro.HfOirii wm Hhown by Miijor WillianiH 
ill !iy lilliiio li vory Himng iron bonibHlu*!! 

1)' ivitli wiilor iiiiil obining it tigliily with an 
iron Clii r-s|4o.Hiir4* to tlio frcmt thcj iron ping wan 

fom 4 oiii li Ioii4 oxpliwioii and lltrown to a 
iii“-.niiii’o *if -liri froi, wliiliia «»yliiifbr of ieo night inchoH 
hiiig froiii till! ojuniiiig. In iniotluir nano a 

Hvnm plug llial wmilii mil yiobi wiiH nmal ; tha l)omh« 
Hindi biiri4 iirroHH llm liial a nlutat of iaa Hpraad 

iiJl roiirifi tliii araak* In tjia hnrHtiiig of load pifraB no 
t#^|i|piiifiii in hwinlj ii« tlni ra«i»tan«a m not no groat, 
lull llici w4ili*iiitig out of tha portioim tliat havi^ not 
tfi iliii jtrimiiiira aiciriad. In thia way, 
iviitor JiigH, if 1*41 fillip nl risglit, lira BoinatimoH found 
ill llicf iiioriiiiig ill long inkirlacing crackn, with 
II ftfilid iiiiiHH of ic«i \%illiin* In nature thin action in 
tiio jiriiicipiil iigfoit ai lliii cliaintegration of rockn to 
foiiii hhiIh, mill iti Ibfi icKiHaning and rendering porous 
tlii^ piiIh tliiniiHrlitai by the fraerJng of the wak?r con^ 
t44illf:fl ill itioiii. 

Not williHianiling rhit fretpiunt scn^ara climatic changon 
ill khigliiiiili few prciciiufcions are taken again.st the 
griii'Ci mrnmvmmmm occastmtad by frost. Houho 
jdjMjii iirti cificii left unprotected, an<l so placed that a 
tiiifftt .will mmm eonsidiirnble ilaniag*!. (hsierrm are 
friniiieiiily iitoatei outside, and whan they fiaai/ai 
m$lii tire ilia cauio of serious annoyance. The 

I 

i 




144 


I I 

I 

I 

fVATliJ^ VVlilblCATioS. I 

pipes should be run nW less tlian fnur feet bclmv tin' 1 

surface, right into th«\lHiuse, und Klutubi piisH within 
about throe foot of the feitolion gniUt Is foro hritnching 
to other parts of tho OHl^blishmont. it is well known 
that water in agitation ik logs liable to fri i ze, as the 
crystals of ice havti not t^inc! tt» consolidatt' : tboroforo 
a common precaution to jircv* nt pipes freezing i« to 
leave taps dripping. Outsijle japes may Is! j*ri4e«letl 
with a casitig of rough woisfl tlii'i <>i|iiarlers of alt inch 
thick and soven IiudniH H<jn|jre, extending three feel 
into tho ground, and filled wjith sawdust. 

In view of the exjdosions 4hat have lx en eaiised hy 
frost in domestic boilers, a tvjreniar of tlm IJourd of ^ 

Trade, dated January, 1HU{5, aidvises: — 

1. That all cisteniH from whiich boilers are HHjipliixl, ' 

and particularly the lajam conf iimnieating llierexvith, 

should bo jdaced in positions ; where they arw not 
likely to be affected by frost. 

2. That a safety valvo slionlcl he fixed on every 

boiler that has not a niovahlo lid. ' 

3. That should tho water supply la» hiterrMpted 
from any cause tho lire should b« at once witlidriiwn 
until the boiler is cold and tho wat4>r siijtply has lafen 
restored. It is very dangerous to put water into an 
empty boiler while hot. 

Glass-lined pipes are also now manufacturer!, and 
avoid tho chanco of zinc poisoning which has some- 
times been noticed whon galvanised pip^g are employed. 

Tin is Bometimes used as a coating for both iron and 
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land iiii objaefj’on baiug that, owing to galvanic 
aotiori^ the ecirroHnni jb BoinotinioH inoro proncmneed 
tlifiri wlicn tlici pipe is loft unprotcctod. Ho-callad 
lifiiiigB of pure tin have IxM-n found cm analyniB to 
cmriHiBt of an alloy of capial partn tin and load, 
Htdiwiirf//, prolecdB load pipcm intcumally with a film of 
load Biilpliidci formed hj wawhing tliorn wiili a solution 
of ** liver of Hulpftur/' but the coating in liable to 
iiiiBlor, aial in ac?ied upon hy Boft watctr in proHenco 
of iiir. Iron pipen treated l>y the Bow(u*- liar ff proetmH, 
or by the imKlifu^iiiion of Bc;rtrand, have bcum higidy 
recaiinnieiidiHL Tlie pipcm or other iron artielen am 
raided to a bright rediumn in a cdiamlair into which 
wHierhcmted Bteiim in panHecb A hard hhudc layer of 
iniigiiciiic oxiile of iron ib IIuih binned, whi(jh, m long 
a« it rariiiiiuH iniaet, coni|deiely proteetB the iron from 
riiBt. 

Wafers with liiile lime but high cdilori(b?B act 
riipidly on iron, iicfiuire a ferruginouH tunte, and coat 
deeaniers, Ac\, with rial oxide of iron, Angus KmitlfH 
eoiiipoHilioii, a varninli of plUdi and caiald.ar oil, 
liiiB been long beneficially usi-d for the inside 
of iiiiiiiiH. At NewcnHile, it has been ree.enily 
slifiwn that, while redueing the cornmion, it diini* 
iiislies the adlierrmce of the rust, and prevents the 
fririiialion of hard no«lu!es* 

■^feehaiiiciil senipers are tmnl in many phmm to 
reiiiovii iiM?ri.isliilioiis, but some of the forms are lialile 
to weiikeri tliii pil^m. Filtered water has generally 
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loBH tujrroHivfi action ilian tiiirillc*rf-iL Hoiiii* Iminiwf-i 
of tho (IcHiruciivc? iiclioii of iici4 li^ivo 

notocl in (h!riuaiiy. Ni^ai* flciilliiin HilcNia, 1 1 milf? 
of caHi-iron }>i}'M! froiri a |intiij»inj 4 to 

leak after two vearn, wlicn tin* i.i|i|icr |}iir4 \mu ftmiul 
to bo |aito«l liiai jaiiictiirc4* lliif hfhm 

unaiToebtfL At Johann on the Haar, a v^ry iinil 
jHiro wai(?r !>ocaniolaMily rli«cri|onrori ainl nnfii Ivit 11 ^= 0 ; 
on oxaniiniition tho water \m'mn\ In be iritli 

carlHinic acic.b la'^nidoH iinii’Ii biciirboiiute. Foul naUr 
in Hoik ik ako very injnrioUB to the *jti!Hii|if nf |ii|« 
Biil|ilinrottoil rlihiridcs. riiiraii-^H, liilrilivft 

and annnoniii all havn ilioir Hjicejal ciirrM^dvr* 

Prof. Wedwr liaa ffiiint! iliai ciiat imii iiinb^r -alt m'atifr, 
in about fifty yimra m caunaalcd for r*ii«t'4liir4 nf iiif 
tliickrums into 11 griy grajdiiloid Piju^h Irav* r-.* 

ing infiltrated grouial ran im jiroli'rlrd ly 11 
of clay, winch Heenia tmiirnly fdTei«lna% nr by jsitcli or 
anpIialL Hlagu and cindcra riflmi itboriitf^ iilkiili, 
wliitdi attacks ktad. Hlag=>wnnl nueil for jairliinii Inifi 
boon known to eornidn wrongjii,4ron 
Iron pijios ioiiioliiiios bernnio rliiggoil iiii}i iiriiiirfil 
growths. Th# hrymm, m fmdiwiitor jMiiyjefi, ofbni 
grow in ifiiH way, and aaii only Im rpumvi4 hy 
Htoarning iin<l fliiHtiiiig Ihn piimn. Tim SimiPjiik iiii4 
%/iam biiwi at tiirica led to |iAriifil strijnuigrfi in llsn- 
Bti|)idy, mill iim fciriii«T.r mi ibnuiyiiig gives iif 1111 
tiiijdoiiHiiiii Htricfll iind umkm iJiii wiiler iiii|iiilnliil#!io 
Yogriliililfi growtlia mlm m%nm clogging atid cnri- 
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tamination (p. 285). Green alga3, cannot, of course, 
grow in the dark, but are met with in cisterns 
which are not kept covered. The presence of these 
organisms in the service pipes indicates imperfect 
filtration or faulty storage, as their spores should not 
have been allowed to gain access. 

Lead is known to have a cumulative poisonous 
action, so that even a minute quantity taken day by 
day accumulates in the system and remains in the 
organs of the body until serious illness, if not fatal 
consequences, ensues. One of the most characteristic 
symptoms of ‘‘ plumbism ” or lead colic is a blue line 
around the gums. Communities have suffered from 
plumbism for many years before the cause was traced, 
so that it is now universally admitted that contamina- 
tion by lead should never be tolerated in water used 
for drinking purposes. 

Very few natural sources are thus tainted. In 
mining districts the metal is often found in issuing 
brooks, but is generally entirely precipitated by the 
sulphates, &c., in the water before it reaches the main 
stream. In a case which occurred near Hathersage, 
in Derbyshire, several effluents from lead mines were 
turbid with lead salts, and contained much of the 
metal in solution, but in samples of the river Der- 
went, at a point a quarter of a mile below the outlets 
of three of them, no lead could be detected in the 
examination of several gallons. It follows that when 
lead is detected in water it is usually to be attributed 
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to tho tnatnrial of tho pilMm or pinti-rna wish whii'li iln< 
WiiUir hiiH liiioii in foiilai'l. 

Tho aipacify of watiTH for It-iul vari<-. 

coiiHidiii'ahly. Ah a ntli% tho w»fti'r tho \val««r Ih*’ 
gniutor tho daiigor of that kind. hi f hildiji llo* h'4t 
jiioorlaiid walor of tho Varlry wan fmiia} to aiiiirk 
load HO oaHily that tin-Uiiod nij«« wi ro laid down 
when tho now HUpidy was iiiauijuriiii'd. Tho 
Hoft wat»»r of liooh Kairino, on tim oih« r hand, ha * 
little or no action ujhjh tliiH niolnl. At Sh!’fii< !d nno li 
trouhlo wan cansofl l»y miinu jmhiio HHjijdirn wliiidi 
woro ponly and acid, and rajadly iiUarlo «1 I« ad. /.inc 
and iron ; it wa» ovorcoitio hy aildijig | So tt jji oh- ja i 
gallon of jMiwdorod chalk. Trcatnicni with j<iHc:i. hv 
jmHHing over hroken ilintH and liiiical«tin*, wa« found 
inolToctiial. C'Hi honati! of h«h1ii, iih in tho jirocoHH for 
softening water, has often heen found laaietieial. 

According toa Local (iovcrnineiitlSojud rijairtl iHitot, 
tho action is caiiHi d hy organic acids generated hy 
Hjiecial organiHtJiH which exist iti tnont i««ity aoiSs. 
At Koighloy, in YtirkHliiri!, Uircto coko rdlerx, to 
roniove tho coarsor impiiriticH, and four HandHtone 
and limcHtono fUters havo la;en ofiaiSwl to remedy 
thiH evil. It in ftoliovcd that iho linnslcin*! will 
nontrnliHO the organic acidH, and so cure thn water of 
its iilutnla) Holvcnt }iroj»erti«H. At ItiHliworth .Moor, 
near Halifax, limo is thrown into the rewrvoii«. 
Konio waters act ho ra|tidly llial Hlanding one night 
in the Horvico inpe is suiliebnt to deterniitm the 
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ssence of lead in poisonous quantities, therefore the 
it ^ater drawn should always be allowed to escape, 
ring an outbreak of plumbism at Pudsey, Yorks, 
•f a grain of lead per gallon was found in the water 
)plied in the morning. In other cases, where the 
ect effects of lead poisoning have not been diagnosed, 
‘onic illness has been noticed to disappear on the 
)stitution of iron piping for lead. Mr. Ackroyd, 
^lic analyst for Halifax, states (January, 1899), that 
I ^‘Ply Flats” water, now disused for domestic 
rposes, contains about 5 units of acidity, and would 
solve 2 grains of lead piping in an hour. He 
ommended two or more catch-water drains instead 
one, to diminish the length of peat through 
ich the water flowed. The Leeds water, though 
ning from moorlands, is only slightly plumbo- 
vent. 

Contamination with sewage, involving the presence 
nitrites and chlorides, increases the solvent action 
water, as do also a high temperature and j)ressure 
1 the presence of air. 

8ir E. Frankland remarks, in cases where the use 
a lead-contaminated water is unavoidable : 

L. That no water should be collected for drinking 
the tap has been allowed to run some time, and 
bt drinking and cooking water is better collected 
mediately after a considerable quantity has been 
iwn for other domestic purposes. 

L That filtration through animal charcoal practi- 
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cally guarantees freedom from lead. It is important, 
however, to bear in mind that the charcoal does not 
retain this power indefinitely, but re(iuires to be 
renewed from time to time. 

3. That hot water acts more powerfully than cold, 
hence that metal teapots and other soldered vessels 
should be avoided as far as possible. 

New and bright lead is at first rather rapidly 
attacked by nearly all waters, but after a time the 
white coating of insoluble lead sulphate and carbonate 
to a great extent protects the surface from further 
action. When a lead cistern is cleaned out this 
coating should be allowed to remain, and cleaning 
with acids should never be practised, as such 
procedure has occasionally been attended with 
dangerous consequences. In all cases in which 
suspicion is aroused it is advisable that a full analysis 
of the water be conducted in order to ascertain what 
method for treatment should be adopted. 

Zinc is easily attacked by most waters, and cisterns 
of galvanised iron have caused symptoms of irritant 
poisoning. The best material for cisterns is slate. 
Portland cement is also good, if not too bulky and 
heavy. It need hardly be said that with new cisterns 
and pipes the water is usually for some time unfit for 
drinking. Tanks of cast-iron plates, bolted together 
and well painted, are durable and inexpensive, bufe the 
water should be examined for lead, as sometimes it 
dissolves the latter from the paint. 
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(liitifriig iiicitilil Im pn^tcietecl from front, diint, anti 
itirl, iiiifl li« ciiihilj iicuimHiblo for cleaning. 

(Jamkmi Srrrkt\-- lUmi lownn Iuwb now a eonntant, 
ni?rvii*ii, litit in nmiiy partn of tlio iiiotropolin an 
aopply atill obtainn. llndar a cooBtant 
njntffiii, lilts piiM*H filling alwayn full ami nmlor pr««- 
niiris fi h nooiiar tlokirloil ; theroforci pollution 

by tlniiriiigf:i in hm likoly, tho pipon aro Icikh Bubjciet to 
mrrmkm, iiml Iiiivo thoniforo a longor lifo, and tho 
miiiiiit not bo «o oapariotiH, An intornutiont 
niipply iiialii'H tlifi oouHumor (b-pcuul on a funmo eintcirn, 
anil iliiia iiioroiiHoH Ibo dungiu* of roniamination, 
nrib^Ha ilici prooaiiiionH alroady allucloil to ami duo 
itlliiiition to oloiiiiing bo ciligi?rvitcL Hm pomdraiion 
Ilf Bowir giiH into ointorna baa boon nhown by Parry 
Liiwh iifil f-o oiirry willi it iiiioroboH, but it miVftrihoIoHH 
romli^.ra tfio wiitor ofTotmivo ami unwlioloHouio ly tho 
giil}f}iiiroltocl liyi.lrrigoii ami ammonia oouijioumlH 
%vliirli it oofiiiiiuiiioiiloH. Jb% Tallait, of Ilow» ban 
jiiiiiiiloti II mdf-rloaiiaiiig Blonigo oinlorn to bii UBod 
milk a roiigtiiiil Borvii’ii, II m of fumiiil afiapo, ami 
i.:H |irolO'rif^«i by a lid* 

Tiio Fiiddiindmi Vo«try, in 181^7, look notion an to 
wutor oigf.orn« not boing in aooorcl with tho 
Public* Iliiillli ffaiiidoii) Aoi of IHIH* 

of Ilii? iic.h’aiitago.H I, bat him booii olainiod for 
oigioriig (Hnmm C!ouiily (ktunoib .fatiuiiry, Ibcifig in 
iliiil, wlnia* Ibr^ wiijijdy i« not oi^pioufi, thoy proioot tlo^ 
caiiiiiiiiior iigiiiimi tlio ofbiot of amldon and liirpn 




m fur wnU^rinu* u lir«% tif l!‘rdu:.,’» 

uf Kt'WiTH, whiidi muiirliiijuii mi llir- j^ii 33. 

lliu iiiiiiiiH ii?i It) wholly nit fill l!ii* rntpidy If^nH lniu-* 
iii higliur lin’iiln. 

In FidiniHry, HH'jF lliu Iniidon WnU-t f •, 
i'hbuwI a eiruiilar ili«f pta\m*m ^4 

Imt it wan Hn!«M^»jiii’i3lly %%-Ah4i a ,%u. F^ 
Ikfrliii and f.iili«>r Cditiiiiirjiiiil i!i<^ %%lp4r j-Ji 

h <diiy*||i'd fur hy mvU^r, 

Ihili! riwnily llw hlmnyv mitl 4t'Atihntt<m *4 tlir 

avatar Hiipjilyof Irniiim havv hrmt mtirrjy^in 

uf priviilii nail j tailing laii tlia i^xumpy *4 t 
Livarpfwil, and otln^r ritif'i* in liu^wr* 

uiidorliikirigHi and pJiadiig tlnaii iiiiid»i‘ iipiiiaujiiil 
i'iiariagi?iiimi» i« ladiig Fdlmvi^fl hx tnilm' A 

great dnil of diwinBioii Im^ lalirii pliirr- in «ui 

tJiia jic'iiiit, mid althmiidi inirrrH^i nrr «.«p|rf<:.rd 

Ui any cdiiaige in lld« dirrrii*,tin it raiirr^d Pun,.? 
befere a iiiaikir uf aiadi iiiij»«rtiiiirfi h$ |||« p^ildir* 
iiifiily a» ilia wiilti* anpply uf tliii iiiptr«|t44iff h*.^- 
uiulif llio euiitrcd Ilf II reninaiiiilde iiiel 
llticliliirafkilfl, Yfirkaliirf’, s.^ an enaii'ijdr uf » im%u 
where wery large hind nerviee m liiehvr niiine'ipfil 
coiitrcil, iiiifl with erina|iini*iii« 11i#- r;ipital 

eipnidiliirii tm ilie wiiirrwtirliB, wrr hm, 

prodtieed iiii iiiiiiiiiil iiifi priiHt iif iihuitl, 1 hr 

storiigii cniiiieiiy nf thtiir k w$ Umu 

l, 5 CK),(Mh 0 iM) gallfiiin* They itrii hiriiieti |.y ifinhael, ^ 
nieiitft fit the md cif %ail!<iya, t**iiii|a^iif«iifif<fi 


iHsiiaariius. 


i % I 

riiii ii*^ irmtt llii^ rf‘B«^rVfiiri4 |}|** rivn-^i 

(in 7:li. 11ir* m t’lii»’>fly lin' 

ilii!!t4ii|i** Ifril* ll }n-||i {4i||ijs.r| tJin li'iifl 

clillriilly, litil rlinlii }|||^l n pnmmliiUviu. 

fit B!ir jlii44« TIip w f«irly4iiiiP n^iilUnin 

jii^r liniiifi* liiiily. A i«'.»rid Wiilifr AH pmm^4 in I Mini 
»it!i«iil Iintwil}if^iii.ii4iti|» l!int nn 

1^1 iiili'nlinii m Irmimg I4«m1 mmitiH iii ihv 

ihirti^hy iiiif'l WmU^r Iklh ui lliif tiiiiiii* 

At Hi mil in iJm n^jPirl nf l!i?f 

C«iiiiiiii|,|fti* f4 ijii'i IfiiiiMf r4 itii |}|p 

fi«;iii4mi Wiit«*r Vmnpmmn Jlilk *4 Ihihi, ilii?rp in 
Ijiiiiilmi iin gifiifiriif c*«filriil nv«^r llin |-?i^ri*i*|.'i Im" 
|iiiiiifiiiiil iicir lli« pmppf mtryhm nf 
fir lillfiilimn Tliii €mmmUm$ llmi. ** iln^ 

firiiiimit nf lliii Lnrnlfiit Wiilrr c in 

tpil in iiriTtrilniitni mnlii llni |iii}4ifi inlnrrHii*/" 

III iiiftiiy lliii IJiiilntl Htiitim writ nlp^nl nf 

m ill iliii tnirij micl rtiiiiiii|*i'*riii?ril «if wiilnr 
Ai 4 nil till! },y Hip 

I *»iirirfil «if ll lll■ip‘4'♦ilrrt% Hnniinyivniinn nmy In? nf 
; - 

L Any rninjiiinirn^nr 

«"ilfiilly fif iit^Mli|*«4itiy fiiriiiHiiiiiji |fi ih*. «if tliin 

I’lty for pHtjnr-^pn III l| ftliili.? * sf 

iir iiii|*ri*iinnlp4 wiHi lin^ ut nr nuy 

liiiiltf'i-rt tn fp'^iilifn ronririiuii 

Um'iH nlmll tn |iny for llin lir>4 nllpnep 
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a penalty of not morn tfiiui flOO, ari<l fcir fi^nry 
Hubnequont olbauai a ponaltj of not mom tJinn 

Boction 2. It nlial! bo tlio duty of nil |iori'iriiii4, 
eompanioH, or oorporutioiii^ fiiriiij^iiiiin to Ibn jn^i:iji!r« 
of tliin eify waifo* for doinimtio purpimm, jdj«'M 

locmtocl in tljo publio to iidojit, iiinl liiJiiii* 

tain in tlm inont (dririont foiidilioin aiitl miiliHiil 
unncifOHBiiry iniorniption, for tlio pnrifiralirai of tint 
Haid waioi% Homo Hyaiimi of lilt nil ion tnm oinployod 
in tlio (dtioH at ilio United Hlatrn or Eiir*«qto, wiiirli 
oxporioii «’0 ban nlanvii to bo tbo immi riT**rti%’o in 
frooitig wiifor from imjnn*ifif*ii, orprinir 

maltorn, and pm'niH of diHoiwo, iiiid roiiilirriini iJio wnni.* 
clc‘4in ami whob*Homo. 

** Fianddoti, bowovor, tbai ihi* job'ij'^linri of iJio fyntliin 
of filtration iliroiif^b Hand Hmdi im iiro iiHi-tl m 
London ami Lorlijn hIiiiII not bo di'^oiriod n 
with tbiH ordiiianoo, uuU-hh ib#^ i^aid bi^ibi mu 

at loiiHt fiva foot doop* and in workiinf lln^ Hiiirn* rioi 
mora ibiiii forty giillouH of waior por Hqonn* bwii of 
arciii lira iillinvial in ptim Ibroiigli misd mn4 Ii«df4 fair 
twontydoiir fioitru. 

** Bociioii Ik It aball bo tli«i duty of nmdi jw-ri.-oiin, 
ooiiijiiiiiifw, or aoriiomtionrt to ii4o|il nisd um, ^liibtnii 
tninerciHHiiry intarnipliriii, and in iJni iii«j4 ofliinriit 
Hindi inoaHitraa nn iniiy bi.i mia'Hffary to pro^ 
vaiit eciiiiamiiiiiiioii of l!i*t iil iin mmm% and 

at all pIiiroH wlinra si aiial! Ibnr nr lio rnliorlod 
roiichirsg tiici phmm mdiaro il in iilterad, iit ulmVm$<^*^ 
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CHAPTEE VIII. 

PURIFICATION ON A LARGE SCALE. 

Notwithstanding the fact that the necessity and, 
in most cases, the perfect possibility of obtaining 
a pure water supply has been insisted upon by 
hygienists for a great number of years, it is still 
a common practice to attempt the purification of 
polluted waters by cumbrous and expensive systems 
of filter-beds and reservoirs. Such systems, how- 
ever, as was shown at Altona in 1892-3, are liable to 
accidental breakdowns, which then not only cause 
widespread inconvenience, but in many cases serious 
outbreaks of disease. Although such systems are 
wrong in theory and commercially wasteful, after 
they have once been started, the value of the plant 
and vested interests usually provoke such determined 
opposition to any natural scheme, that large popula- 
tions are still persuaded to endure as their drinking 
water what has been described as diluted and 
purified sewage.” As compared with an artificial 
conduit for bringing water from an unpolluted collect- 
ing ground, a river is at once condemned on account 
of the certainty that it is open to drainage of all 
kinds, and that the so-called self-purification of a river 
in flow is of doubtful efficacy, and is in most cases 
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OTerbalanced by the constant accession of impurities 
with which its action is not rapid enough to cope. 

Since, in districts distant from a supply, the rivers 
of the district may be the only source at present 
available, it is necessary to shortly describe the pro- 
cesses by which water originally unfit to drink can be 
altered to a state which is ordinarily harmless to 
the consumer. 

Many vegetable juices containing tannin are capable 
of coagulating the organic matter in very bad waters 
and rendering them comparatively potable. This 
property of barks and w’oods containing tannin was 
known in very early times, and is referred to in 
Txod. XV. 23, in which passage the word ‘‘bitter’’ 
probably means disagreeable. The Indians in South 
America are similarly in the habit of purifying foul 
ponds by logs of the Peruvian bark (cinchona), and in 
this case the tannins act as a precipitant and the 
quinine as a febrifuge. The latter has been recom- 
mended to be added to marshy waters in Italy 
and in other places. JStrychnos potatorum has also 
been used in India for the same purpose. 

The common process of subsidence effected in 
settling tanks and reservoirs accomplishes the almost 
complete removal of suspended solid mineral matters, 
and with them a large proportion of the living or- 
ganisms. Thus, Dr. Percy Frankland, in an examina- 
tion of the intake waters of the West Middlesex Com- 
pany, found 1,437 bacteria per cubic centimetre, whilst 
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paKHing thrnnghonf*K!iiraRO rnf^fsrvtiir r 

waH reduced to 31ft, and afU^r tra verging a w ri Ki r- 
voir them nitnaiiicd only 177 j»i-r cnliic i-i riiiinotro. 
During the itfocoHH of wdtling, oKidation of fh,, ,11^. 
Kolved organic tnnflir alnr* takfH plafc ; hiit, nnfor- 
tunat(>ly, the de]»of<ilerl laudfria art! iit4 killi-d, and 
continuing io niuiliply in (Im muddy Modimonf, ntdcMH 
this is rcanoved at fr('»|ia<nt intorvals, tii ci 
periodic stoppages for Heansinc, and a.idisional r. w r- 
voirs for the inaintetiance of tlio servicis. 

i urifKailion iiy //o'<7/a»o*«/ p/vripifa/oia is soma, 
tiiiifs adopied, and consists in the addition of a lirady 
divi.led stilid, sutdi as clay, clialli, cimrco.d, ,ola<, 
spongy iron, nr porcidfdn earth, which in its suh- 
sidenco is captddo of carrying ilown with it all solid 
tntiilcrH, incinding tlic gio'ins, Htt as to leave thc! wat<*r 
(dtair ami almost sterile. Many of the e preripitrmts, 
however, convey to the Ireati d waler att ttnph tisitnl 
etirthy taste, and the Hamn idgection as to the settling 
process remains, that the deposit hecrimes n nitlus 
for the farther development of the microhes, which 
may rise and render the water at any time uidit 
for use. When waters have a inarlied colour, alum, 
in the proportion of nhout fiy« grains p« r gallotj, 
generally with the suli«e(jUef»t a<ldition of an e^jiia! 
weight of lime, effects clarification and decoh.raiiMn, 
the flocciilent precipitate of alumina, ly its well- 
known nioriiant action, ahsorhing llie colonring nmller 
and also entangling all the Holid ninltera in snsjiensifut. 
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Tliri «’4 rft^-rli-4 

williMiil K|4'4".li:Jn*, III **i'4«"-r l^i ii-%^«i4 IIp^ i*rl ii.iiio'i|ti 
filii!u:ii“i .r! w}ip-|i frii%t4 itw r^tfi 

i4 iii-V4ni^\ AiU'i' i%lmn }4'r-*4j*ii?itk*ii, ilm «fiil|4iril«'ii 

Iff jKit.i, li iif n"iivi 4 rvj||.;i^ iiii4 tlumm i%t llw Imm iiii4 

lirii’IP H3<| f’;-*rii4r.4# rrrt«4ll| III itllf llnt.**r, tli:il 

flfl^t'f fiiirll lrr,|!liP44l ilsr-tf' fiiilf ttff |iri‘’P''Sil III nrp'li 
ijl|ilfltitir!4 li'i* t^i trn4r:r |||«'^ ti|i4r-.':';ir4l4fi h»T 

|i«iliilil«i *-^r i‘^r in 

«if ftliiiiiiti’i* «»f iiri4 iiii4 iroii^ in 

liir4t«:?r iin4 rlp-.:i|M^r llrifl .s!ili4 

lijiiillii »f l!i*'« rp'#"4 Piily }i*^ «;vh- 4, ** Almiriipi- 

** li'iiiy .MHiir.iiin* In'? <'iiij4-4yr4, supl fniit^ 

iiiljfiiiilit f * |nrrr^«ilj4iii|.lp t»f '"i, wtisrii }uin Ivitrlv 

W'rfi lii^flily f$'mmumrn4*^4 ^ h *4 Viitiip fi*r 

|iliriflifl|^ fn^il Wrf ii« ll tlirnwii ilintii »iti|. 

|i}iiilcn4 114 wi41 ii4 tlip iiiiiiif^rf'i liy fiitfiii* 

Fiii'i** rli|pfi4p C|-^pr*4ik»ri*Ip *4 irif.»ii| wiin f«*f iiii*rly tiiii*'li 
t il ill mAnipm r}4<n44i?i «f mil- 

iifiil }i;v:i |i«' l•l| «4gf’rt«'4 lmPiill!n« ll rriimipiiily 

iii’jtrnp’. In i%ny ninp, inirli }»rr44|4tniil'^ 

iir*' 4 ^ it %‘i i,;4 - i- -rM^ry 

\%U'm ],y {||ij :ilyni :i IIp^ 

P* « 2,1 ;j -!‘<y , H‘' i- z r 4' ' i-, I #■ u:-^ -.t jP i'jii4i»' ^;4, 

^ r« i'»'r|| ||i44 

l|:.r(| III li.f i#-.,yr ^4 I lllfllCf lllP Inirll'llil, *4' III k'P.’t 
4^ vAf i^ar If Msiliy5S.||l4i«^ fllpj 

t ■^lf•^4y'f* iffri'ii ihpI fr-4 mipi? 

f44.|i4 1*^4 « %rfy k»til maU-t tiiilsi m r<4^pir 
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romainB for at hmi fdimn miittiloa, ara eiijuililn <if 
oxidiBing iho impuritioB Init do not kill lliii line*- 
toria. Wlion thoHo BallH aro iinod 11 lirnwn profijiitrilr* 
of iiianganoHO poroxiile in foriiiial, iiinl it iiiiiHi In* 
rornovod by filtration or Bottling lioforo tliii wiiior 
is fit to drink. In find, all iiiotliods of jiroripitatiiiii 
roquiro ihiii thci walor Bhoubl bn iinbiioqiifiilly iilirroil ; 
and tho i!X]Minsa of this oporalion, fniii|i!fnl wil}i ijiiit 
of tho idiianirals, has oiuiHittl iipiht of llii.i |irorij*ilatioii 
proeoHHOB to bo abantloned, in looiil mid li-im 

porary casos. 

The various mtilhocls usorl for Ibo Bofiniiing of 
hard watiirs cifTuot a luirifioiition of Iliii wnU^r from 
organics iniiltor and or^imimnn at ilifi biiiiio find 
tlio roBulis obtainod in ibis way will bo fiiiilior iilludod 
to in Cliiiplor X. Agitation wiili air oinn^rM 11 rorl;ini 
amount of iniproviimait, but only 11 aliglii tdlVrl i.^ 
iioiicHjablo in rivors wltiidi flow ovi^r wiim nr wliiidi 
fiiivo wiitorfiillB in ilndr rotirBos. 11iri piiiifyiiig 
proportios of liglit liavi? long boiit mrognif^^'^'d, iind 
mm Hi oiirly as IdMO, Jtr* I fart riinli«aiiftl bk ri-adorti 
agaiiiit tlifi nm of wolbwator ** to wdnrlt tin? min Inttli 
no roflcKdiorn** Wostlirrailc bus rooniUy, at Mnrbiirg, 
csarofiilly iliidiod tbci inlliioiiru of aiinliglit lifioti obolrrn 
ciiliitroB in walor, aiitl lias dotnonstrnlf^d 

1 . Tbii lii^at of the aim ns Wfdl mn tb« liglit !»» 
an iiii|siriiiril infbionoo u|s:m orgiiiiwitis in w-jiii^r. 

% Imuhthm in iiroiMiiieii of a full ^-upjdy of iitiiin* 
spliciric oijgiiii f:»ffts,diially and ipoifdily kills nciriai* 
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3. Sunlight in the absence of air has no germicidal 
properties. 

4. Solar heat of average intensity, when air is 
excluded, causes the organisms to multiply at a 
greater rate. 

Other observers have found that at a depth of six 
or eight feet the destructive property of sunlight 
ceases. It follows that all reservoirs for surface 
icaters should be shallow, uncovered, and freely ex- 
posed to the air (except in the immediate neighbour- 
hood of towns or factories, where, however, for 
other reasons, such reservoirs should not be placed). 
Deep well and spring waters, on the other hand, 
should, if stored at all, be kept in covered receptacles, 
as algse are thereby prevented from growing (see 
p. 133). 

The immunity obtained by boiling water before 
drinking is now almost universally recognised, and 
if regularity of such procedure could be relied on, 
it would perhaps be the most satisfactory method 
for ensuring safety. 

In an outbreak of cholera in the East Lancashire 
Begiment at Lucknow, the ‘'E'’ Company, though 
living under the same conditions as the rest, entirely 
escaped. 

Mr. Hankin {Cholera in Indian Cantonments) says: — 
*^On questioning the colour-sergeant of this company, 
the mystery at first appeared to deepen, for he roundly 
asserted that the men under his charge had exactly 


W.P. 


M 


WAilk 


t(u 

t!i« saiiio HuppliiH of fool and waior m i)m ri-4 of tlii‘ 
Bui on hin to lioiv In* 

IciiHW iluii tljo \va?or HUj'»ply wm llu* mim\ In* rn|ilif^d 
tliat ho fiu, 4 ld. to know, if unyliody, * m Im lioik^il jf 
liiniholf ! ‘ Noi'dlo.HH |o mi)\ ihiit mi iniikiii*^ iiirjiiirini^ 
it wiiH found lluN «sin|iIo mnilary jim’niiiioii liiiii ini! 
boon litkofi by fiio ojlmr etihnir^m^ri’miitHP* 

tSirrilirnttiun % hmt wim lir>=i iippliioi 

about IHHH by lint bit<‘ riiiirloH Hi?rH<dif'i% wbiio oibt-r 
appiiraiUH. Hindi m ilm Viiilbird- and in 

till* riiiiod Stiitf’H t!io Wal^o'boitHo* FiiiiirH, Inivi? ninro 
bnon iiiirocbn*i'*b Hinalii’r aioriliHnrH/* biiHod on ifm 
find- that proloii|.p4 \nyi%iinu b* (b ibfHtroVH ii!iiiot4 
all Ibo giiriuH, iirii wnbdy in liibfimlorioH, Jirubol 
wiitor, ho%vovi:*r. Ilat ainl insipid, aiirl tlm jirrirogfi nil n 
largo mmh is j>rojdu*b-d by tin* mjwonnn A Hlnuior ot|tri« 
aunt to a hli^wr ffoiiprraiiiro iiiidor proHi^iiri* 
ncuti|»!rt** HtJodliHofioin wliilr Ibo dif^Milvrd m iln* 

walitr tin* iioi bmt, ff ilm i%iori!iHio| in nnplf,* lo 

liiml l!io iin**iiiiini4 fluid, ronHidiinildn iwiirniiy in find 
m cifTnrind, ho iluii l!n« walor iliindnirgod from ibr 
iijijiiiriitiia liiiH j»ritnli«*ii.lly llin tniiijinraiiiro fif llinl 
wbifli iinli*ri4, iiiid in lliin wny lliif fir?at rf^^fuirnii t«i 
bn titiiiiilairind w mily iliat wlindi llin<u'r’liriilly feinmlfl 
III* iiiiribiitnd to liy rudiiilion, 

iltn ruaiiy liiPnnail forniH of lliul fiiiitlf*d 

ilm Kfpiifot, itndiff tin* 

Iliiraidmr jiaintii* in porbapA tliii Iiohc iitiowii* tl 
■etitmiili of four dsHliimi pmrU i A IiiMirr, 
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is fired in any suitable way, and maintains the boiler 
at a temperature of between 120^ and 130^ C. The 
heater is fitted with a pressure valve, so that the 
water therein never boils while it remains within 
the heater for the time necessary to effect sterilisation. 



Fia. 31.— E<iuifex Water Heat-steriliser. 


In connection with the heater is a serpentine tube, 
through which the sterilised water passes and gives 
up its heat to the unsterilised water entering the 
boiler. The sterilised water finally passes through 
a sand-filter, which removes any suspended matter. 
Such apparatus have been erected in hospitals and 
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iiilinnarieH, luid Inmi liwii liw-tl liy tin* Fri’iirli filial 
at Hiicl !»y ilw frnvn id in Fniiii’r, 

Kiihn, who han dfviw'il a Himiliir f^idrH 

that', wiili a of hit oiihh* nii'-tri-H. rii}i;ii*ily, 

22,000 ij^iilloiUK of waior por iliiy, or ii*aih!o llint ^iiianlity 
if workoil at night, ran ho prodiica-'il, Ihut 11 lintlory 
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times of cholera, Loiise-supi3lies should be sterilised 
by adding about 60 grns. per gallon of this acid to the 
water daily. 

Anderson’s process consists in subjecting the water 
during its passage through revchhig drums to the 
action of a continuous shower of metallic iron. The 
w’ater afterwards passes over cascades to remove 
dissolved iron by oxidation, is then allowed to settle 
in tanks, and is finally filtered through sand. The 
process is in use at Antwerp, Worcester, and other 
places, and seems to give both better chemical and 
bacterial results than those obtained by sand filters 
alone. The water of the Delaware at Philadelphia, 
and of the Mississippi at Memphis, have also been 
treated with iron ; and Leffmann and Beam, who 
examined the process in 1890, showed that in both 
rivers the amount of organic matter underwent a con- 
siderable diminution, and that the action was one of 
oxidation. Mr. Anderson himself maintains that the 
effect of his machine is almost entirely a mechanical 
one, due to the absorbent properties of the flocculent 
oxide of iron. No iron remains in the finally purified 
wat r, and the temporary hardness is reduced. 

The process is particularly successful with the 
water of the Nile, which is completely clarified by 
mere decaiita'ion in a very short time after shaking 
up with iron, while otherwise it remains turbid for 
weeks and opalescent for months. The most difficult 
waters to deal with are those derived from peaty 
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This quantity is much smaller than the authorities 
recommend for sterilisation. About one part in 
2,000 seems to be a safe quantity to use, or nine 
times the amount suggested above ; and this would 
render the quantity of bromide finally formed and 
remaining in the water rather too high for dietetic 
use. 

The author, in conjunction with Dr. L. Parkes,^ 
has suggested a method of preventing the danger of 
enteric fever, when, as in the case of armies in the 
field, the only drinking water available may be 
polluted, and boiling or proper filtration is not 
possible. A tin of tabloids is carried, each one 
containing five grains of bisulphate of soda, NaHS 04 . 
Three of the tabloids are dissolved in each pint of 
water and allowed to remain at least fifteen minutes 
before drinking ,* this is found to be fatal to the 
typhoid bacillus in the quantities met with. The water 
so treated has a pleasant acidulous taste, is more effec- 
tive in slaking thirst, and has no injurious physio- 
logical effect. A tin of 350 tabloids weighs about 4 oz. 

Iodine, chloride of lime, and other reagents have 
been proposed, and B. Krohnke, in 1893, suggested 
cuprous chloride, CU 2 CI 2 , especially for the Elbe at 
Hamburg. One two-hundred-thousandth part — about 
a third of a grain per gallon— together with proto- 
sulphate of iron, were mixed with the water. At the 
end of six hours one-hundred-thousandth part of lime 
* Epidemiological Soc. of London, January, 1901. 
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municipality of Paris to sterilise, Ly means of ozone, 
5,000 cubic metres (1,100,000 gallons) of crude 
Seine water daily. His system was installed experi- 
mentally at Paris, Brussels, and Ostend, and in 1898, 
was adopted officially for limited supplies in France 
and Belgium, and since then on a complete scale for 
the cities of Lille and Moscow.* To save the ozone, 
much of the impurity is first removed by filtration. The 
cost is given as about p. jDer 1,000 gallons. One of 
the most energetic of sterilisers is peroxide of chlorine, 
CI2O4 (Howatson, Neuilly, Paris), employed at Ostend, 
Brussels, and Lectoure (France). It is prepared from 
sulphuric acid and chlorate of potash, the gas be'ng 
passed into water. 

Bacteria introduced into w^aters protected from 
further admixture almost invariably thrive up to a 
certain point, and then undergo diminution in numbers, 
and finally may entirely disappear. Pol and Dumont 
found that w^ater placed in a vessel simply closed by 
a plug of cotton wool, and containing on December 
24th, 1894, -150,000 microbes per cubic centimetre 
on December Slst had only 12,000, and on January 
16th, 7,000, losses of 94 and 95*3 per cent, respectively. 

There are three ways in which the bacteria are 
reduced : — 

1. They may actually feed on one another. Many 
common and vigorous, but harmless, forms rapidly 
exterminate the bacteria of disease, such as that of 
typhoid. 

* Marmier and Abraham’s process. 
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is finally acted upon by the nitrifying organisms. 
Mr. Cameron, the city surveyor of Exeter, has 
obtained similar satisfactory results with sewage by 
the well-known septic tank process.” 

All river ^vaters contain a considerable amount of 
suspended matter, in which the microscopical exami- 
nation has frequently revealed distinct evidence of 
animal pollution, besides the presence of large 
numbers of the smaller algae, and of earthy matter 
and vegetable debris. A water which is thus a mis- 
cellaneous drainage will carry with it any pollution 
from surviving germs that may occur at any point of 
the watersheds, and is a likely bearer of any acci- 
dental contagion to the localities supplied. Epidemics 
from such a cause have repeatedly been recorded, 
when typhoid has been conveyed perhaps from a 
single cottage by means of a small brook to a large 
population. The soakage of farm manure is also 
capable of carrying internal parasites, besides what 
may be communicated by animals drinking and 
wading in the brooks on the higher lands. The 
unguarded supply of a water of this character would 
therefore be an open danger. It has been established 
by reports of Eoyal Commissions and by other inves- 
tigations that efficient sand filtration is capable of 
removing these dangerous impurities, and no mis- 
cellaneous water supply from ground wholly or 
partially inhabited or cultivated should be permitted 
without this precaution. It is not necessary to prove 
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the absolute presence of a pathogenic organism in the 
water, but only to point out that where such large 
organisms as are found in these waters can pass, the 
smaller bacteria of disease could easily travel. Even 
the algse and mineral and vegetal debris cannot be 
considered wholesome, as they promote undesirable 
changes in the water. 

That filtered water is comparatively, safe, and that 
unfiltered is certain at some time or another to 
carry disease, has been proved by the history of a 
large number of epidemics, from the early outbreak 
at Terling in Essex, to the more recent experiences at 
Hamburg, Speaking of the latter city. Dr. Keincke 
says ‘'that the present favourable and heretofore 
unattainable status of typhoid fever is to be largely 
credited to the filtered water supply.’' It is significant 
that Eotterdam, with sand-filtered water from the 
Eiver Maas, has a death-rate from typhoid of only 5*7 
per 100,000 ; Dresden, Berlin, and Copenhagen, all 
with filtered water originally of more or less indifferent 
character, have typhoid death-rates of 6*2, 7*1, and 
9*0 respectively, whereas Sydney, N.S.W., with 
impounded unfiltered river water, has 22, and even 
Glasgow, with the very pure upland water of Loch 
Katrine, unfiltered, has a typhoid rate of 23 per 
100,000. 

Sand filtration has undergone a great change within 
recent years, owing to the fact that whereas it was 
formerly considered that a filter-bed, in order to be 
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a microbe trap.” Diatoms of fe'w kinds exist in 
large numbers in winter, bat in the spring green algae 
appear, tie diatoms diminish in number and their 
species vary. Later in the summer blue algfe make 
their appearance, and do not die out until the late 
autumn. At Waelhem, Dr. Kemna finds MeloshuBLXxi 
Fragilarid the dominant diatoms in winter, whilst in 
the spring species of Sijneclra and Oydotellia are 
abundant. According to his experience, by far the most 
effective strainer is lIi/droclictyoiL, a green alga with 
the cells joined in hexagonal meshes, which forms 
sometimes a layer a foot thick over the whole surface. 
“The filters then run a good deal longer, and when 
cleaning the men roll the growth up like a carpet.” 

A sand filter does not, therefore, attain its maximum 
efficiency until this jelly layer has been produced. 
Purification is also effected for an indefinite period by 
the action of the nitrifying organisms immediately 
below this film. When through clogging the flow 
falls below a certain rate (p. 18B), the surface is 
skimmed and renewed with fresh sand; after some 
days it regains efficiency. 

All filters, however, must be worked with periodic 
testing, since a gradual growth of some bacteria 
through the substance takes place, and the effluent 
water is at length found to contain these organisms 
in undue numbers, so that it becomes necessary for 
the whole mass to be renewed. The upper layer of 
a filter-bed thus acts mechanically, by straining off 
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(kf’iiHioiiiil riifjiniral iiiialyi^i« uf ilii? wiilor in firfior 
to imroriaiii whoilior ilm oiidiaioii into nilratiii m 
riigiiliiriy imiiiiiiiiiiwL 

At iiiiiiiintrg ami Hvrliri Iimds‘» liiiiitu iirii iifiw|ilial, 
iiiicl llici cnimlilkiiiii ivliirli lici hm liinl rlowii iiifiy ti« 
ilittiiiiiiriitai iit foikiwn 
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{«) No water in allovvcKl to pasn through a filter at a 
Hpeeil of more tluui 100 millimetreB (nhout four inchen) 
per lioiir. 

(h) Each filter munt have a contrivance by which 
the movctment of the water in the filter can be 
rcBtrietecl to a certain pace and continually regulat(!(l, 
arid mimt further bo provided with an arrangemmit 
by which Hampl<*B of the tillered water may ho taken 
at any time. 

(?') A bacteriological examination by culluroB muBt 
lie made daily. 

(d) Water containing more than 100 genuH per cubic 
ccmiimetre munt not be allowed to pann into conHiimp- 
tiori. Althougli thiB in an arbitrary rule, it in one 
which may be regarded m tolerably Bafe, although, 
of eoiirse, even wheii bucIi a Bmall numbta* in per- 
miiteil in tlie filtrate, pathogenic orgaiuHtUH may be 
present. 

Iniermittrnt EVZ/m/eun — Another advantage of 
having a larger number of filUir-bedH of Huialler hItio 
IB that sliort pmdodB of rent can be arranged wherein 
the liiyerB may become aerated. Tht^ purifying 
orguriiBiiiB are moHtly aerahir, or retjuire oxygcm, hence 
no filter can work Hiiiinfactorily if contiiiuoUBly water- 
logged. For thi« reaHoii tlie MaBBiudmBettB Board 
prefer inif?rmitieiit filiraiiorn They nay (Jhsport, Bart 
2, IBIIO) : *Mf we apply one day to the Hurfac*e of an 
ciiniti body of Blind one incdi of water and next day 
iiiiollier, we Bhitl! fiiul that the water will go down eacdi 
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i«'Kaml, rai.M.iiitl. wal.T, aii.l ..n.- 'laail' T a'l; 

™t,.r i« i.. ».• -T'—i.'- 

au.t inlim... Iv - 
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l,r„uKl,l ill nilli ll"' “ 

«,m,l 1« liv,. iliii'l. 'll" "I 

.|,«lv IlinViMi! fur « .'V.-r ..nll'l ' 

„{ air ’• Haii.l whi.-h ia tr.o i\nr umy r.anani ^. Uurat. .1 
with xvatar tin- «h„hi .hi-th. hi u.’.^ th.- a.lvantu-- .4 

t '“H.-i. In ai«l m 

\Mg^^ ttwi.H wlu.r.* ih.- .U.inan.i ih v. rv tjr.ai, il i. 
difliruU t» ftlTonl i« ri..a. -4 i<-.t with th.- jm « i.l 
r.n..,«- hut with Hnwlli'r >»* tt 


ctmltl 1«‘ tnuri! in.^ilv luaiuisjua. 

At Ihimlmru ihi-r.' lu'.- futtr MtUliin* 
liuiaiim vvahT .■..u>U',h fur u day-. HUi-iay. and h .v.ut? 
ftii ar. a of ‘"' '‘‘.v 

ia allowoil to fill. »«a thin f.-Ht fur tw.nty f»ur huurh 
w!i«h Ui« «a.mr walnr in d ..ft utid tho ... durioul 


rantov.id. 

About tiiirly liUcrit »r« HlturnaUd.v i» «• ». ! h. 

nH diiun Hiiidovud «ou«»-ta of an t ii'.ht iia 3. I.>‘i <4 
Hinall ihVn .-iuhl in lumof yruv.l. and th* •• ui... 

d.-i.lh of coarHU Hand, followed b) lb)..- b-t of hw 
mud. Thu watur ih admiU.d with a* 

n.it to dintiirb th« mufafu, and a d. j.th of th?* - b** » * 
maintainf'd abovo tho Band. With ihit* h‘ ad '4 *‘* *b *' 
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the proper rate of filtration is secured. As the bed 
becomes choked, the head of water has to be increased, 
but there soon arrives a limit when the filter has to be 
thrown out of rotation and cleaned. Each filter has a 
separate outlet, where samples for analysis can be 
taken, and arrangements are provided for aeration. 
The total cost of the works was less than £500,000, 
and the supply will be ample for many years to 
come. 

At Warsaw the water is kept under cover, but in 
other respects the arrangements are similar to those 
at Hamburg. At Lawrence, Mass., the impure water 
of the Merrimac is passed through four and a half 
feet of sand, and the bacteria reduced from 9,000 
to 150 per cubic centimetre. The average speed 
of filtration is from five to eight feet per twenty-four 
hours. At all these places the death-rate from 
zymotic diseases has been very markedly reduced. 

At Zurich four inches of garden soil are intro- 
duced into the filter-bed to promote nitrification. 
The filters are of gravel and about four feet of sand, 
and are run at four times the rate recommended 
above, but the lake water which forms the supply 
is of exceptional purity. At certain periods of warm 
weather, chiefly from July to September, a slimy layer 
called waterbloom,” consisting of microscopic algae, 
makes its appearance on the surface, which requires 
removal, as it rapidly blocks the filter and gives the 
water a bad taste, variously described as ‘‘fishy,” 
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Miarnliy/’ or ** luonltly.’* hiiiiiii tlitliriiliy liii« 

oft«‘n in tin* riiitp^l 

l’au*li lif llii* I#ali4<>li i*r»nipiiiiir-H 

uIhhiI an acn* in n\Oitl. Ah alri'iitiy ii 

nuiiilHa* (»f 1 h*4h uf IitHH iiroa ^lioiilii t«» 'hiiIi* 
HtitutiMl Sitiulka* iilnti run lir iipa'o riiniily 

j)ro(.(*rt(til liinl ri»Vfi'rt1 fnan fronl. An r}ii«iiiiiir f4 
dHilorii at Alunia nnm* fruin niir of tlif? lir«iH 
frozan, and in Lrnidfni \vairr«faiiiiiir.H liiivf* oflrii 
ocTurrod from tluHraUHr, and ihr wntt*r iil nllirr liiiirH 
liaH la^rii iiifliiroroiitly tihnrnd. Londoti lillnr- 

laaU UHiiiilIy rcnmiat of ii layrr of iiiniil Iwo lo frinr 
and a half hmi in lliirkiirHa, willi iiiid NlinirH 

hnlcnv, Tlio roHii’VoirH **oiitaiii from Iwo In fiiiirlmi 
daya* Tint d«iily rain of fitlnilirin hIioiiIiI iml 

ho inoro tliiiii ‘idWM’MKIil m^iIIoiih ja'^r urns hiil in 
of grcmt doliiaiid thin in ofli-n f‘\rrrdf**L 

l>i% Hiiirloy Murphy* in hin rofwirl In lti« Loii4*-»ii 
(jcauily Ckiiinrii for Ih*M» dniwn 11111:11111111 in lliii 
ooirieidcinoii wliiidi oxihIii! hi*i%%*riii lihiioriniil 
of tji'ilioici in tlio laat wooka of tliii your 
the wlicikcif tlifs iiifjiro|'ioliliiri iirctii Cwilfi I ho pxvrpiuiu 
of ilmi BW|ij»Iuid by walor from llio Eir4 Loiidon ihpI 
Kent A¥iilor willi iJio iiiHiiHit‘i«iiry of 

flltraiiciii, fitai to iho fhioda iti Tlmuirn ami . 1 , 
wliicdi proviiilod at Unit aoawiiL TIiih ndafioii hrlttr* n 
iiiertmuo of ontork fovor, mid iiiHtiflirirni lilt i-iii ion 
on the part of tliii Ijondon Aliilitr tlfiiiipaiiiri^, tian 
eoiifiriniid hy mi oxaminatbn iif llii* oiithri-aliH »! ihin 


PURIFICATION ON A LARGE SCALE. i8i 

disease in suburban areas, where a similar coincidence 
was noticed. In provincial towns supplied with 
adequately filtered water, during the same period 
the number of cases of enteric fever notified was 
normal. 

Sediment reservoirs occupy an immense amount 
of ground and are expensive, while in warm climates 
they cannot be prevented from becoming foul through 
the rapid growth of vegetation and animal life. The 
Eiddell filter is extensively used in America, and 
lately in India, for rapidly removing the coarser 
impurities. Closed iron vessels are fitted with fine 
sand, through which the water is forced under pres- 
sure at almost any required rate. The inlet is through 
radial arms attached to a piston. When the gauge 
indicates that the resistance has too much increased, 
water is forced in from below to disintegrate the bed, 
then clean water is admitted by the radial arms, 
which are worked up and down to thoroughly mix 
and scour the sand, the washings escaping through 
strainers. Subsequent removal of the bacteria by 
finer filtration is afterwards necessary. 

Although filtration through sand has never suc- 
ceeded in removing the whole of the bacteria from 
water, the reduction in their numbers is very great, 
amounting, according to Frankland, to about 99*5 per 
cent. A few instances may be quoted of the effect of 
filtration on the health of cities. 

The Hamburg cholera outbreak of 1893, which 
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occasioned nearly 9,000 deaths, was traced to the 
unfiltered water of the Elbe. Altona, drinking the 
same water after filtration through sand, escaped, 
except on certain occasions of the break-down of the 
filters. Since London waters have been filtered, the 
typhoid rate has fallen 86 per cent. In Warsaw, 
after the same precaution, the disease, which had 
been extremely prevalent, nearlj^ disappeared. In 
Lawrence, Mass , the recurrent epidemics had ceased. 
The mean typhoid rate in cities both in Europe and 
the United States employing unfiltered water, was 
many times higher than those where the water was 
filtered. Prof. J. W. Hill, of Cincinnati, gives the 
following typhoid death-rates per 100,000, being the 
averages of seven years to December, 1896 : — 

1. Cities using lake water. — Chicago, 71; Mil- 
waukee, 29 ; Detroit, 30 ; Cleveland, 46 ; Buffalo, 34 ; 
average, 42. 

2. Cities using river water. — Pittsburg, 84 ; Phila- 
delphia, 45; Cincinnati, 49 ; Louisville, 74 ; St. Louis, 
39 ; average, 58. 

3. Cities using filtered river water. — London, 14*4; 
Berlin, 7*1 ; Eotterdam, 5*7 ,* Hamburg (since 
1893), 7*0. 

4. Cities using itnfiltered mountain spring water . — 
Vienna, 6*55 ; Munich, 5*94.* 

It has been proposed to seed the upper bacterial layer, 
“top-slime,” or “ Schmutzdecke,” with cultivations of 

* See Fuertes’ “ Water and Public Hcaltli,” Wiley, New Yoik. 
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specially active or rapidly liquefying organisms, but 
natural selection would soon interfere with this, while 
practically accomplishing the same end. The number 
of colonics is greatest at the surface of the sand, and 
decreases very rapidly in the successive layers beneath, 
the thickness of the main layer being about half an 
inch. In intermittent filters the upper slime is not 
considered of so much importance, the main action 
occurring in the interior of the bed. "With reference 
to this system, as carried out at Lawrence, Mass., it 
is said that since it was put in service four years ago, 
it appears from the bacterial results and the local 
tyiDhoid rates, not to have attained the high standard 
of efficiency reached by the continuous sand filters of 
Europe. ‘‘Aeration of the bed, so essential when 
treating sewage, is hardly necessary when dealing 
with water, which carries in solution sufficient oxygen 
to do all the work required.” 

Stchsidence before Filtration (p. 157). — The following 
is approximately the number of days allowed in various 
waterworks. A good deal depends on the capacity 
of the reservoirs: East London, 15; Chelsea, 12; 
Lambeth, 6; West Middlesex, 5*6; New Eiver, 4*4 ; 
Southwark and Vauxhall, 4*1 ; Grand Junction, 3*3 ; 
Hamburg, 1 to 1 J ; Berlin and Rotterdam, 1. 

Rate of Filtration , — This will be by no means the 
same for all waters. As already mentioned at p. 177, 
the Berlin standard (Koch’s limit) is 100 millimetres 
— about four inches — ^per hour, equal to about two 
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million gallons per acre per day. The actual rates 
for different supplies have been recorded as : — 

East London and West Middlesex 
inches, Southwark 2*7, Chelsea 3*3, New River and 
Grand Junction 4*0, Lambeth 4*1. 

Bradford 4*2, Carlisle 2*2, Dumfries 8*5, Leeds 4 
Leicester 3*4, Liverpool 4. 

Stuttgart 3*3, Altona 4, Berlin 4 to 5, Zurict 
11*5 to 16*4, Oporto 21*3. 

The velocity at Zurich is extraordinary, sometimes 
amounting to forty-four feet per day (Bertschinger). 
The Massachusetts Board find that although four 
inches per hour should not be exceeded in moderately 
new filters, an older and riper'’ one will allow a 
much higher rate of delivery, stating however at the 
same time that the proportion of bacteria removed is 
with two million gallons per acre 99*75 to 99*49 per 
cent. ; with five millions 99*37, and with eight millions 
99*2. Koch states that a severe epidemic of cholera 
at Nietleben asylum was clearly traced to improper 
treatment of the sand filters and to over rapidity — 
about seven inches of descent per hour. 

Head of Water . — When new or after cleaning, only 
a few inches of ‘‘head” may be required: as the 
porosity diminishes in use by the accumulation of 
slime the height must be increased. In Continental 
cities the head of water varies from 4 feet 3 inches at 
Schweinfurth to 14 feet 4 inches at Brieg (Kummel), 
with Hamburg 3 feet 6 inches, and Berlin from 3^ to 
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inclicH. At HikIhou, N. Y., it varios from a fow 
indifiH to ovitr 6 foot (^fuBon), but in Kiif'laml tho 
Burfnco is uBunlly cloauful wiioii for an ofToejtivo rato 
iho litsad ninch oxoihhIh !) foot. Any siicldon alteration 
of tlio head, or tho rato of filtration, disturbs the 
layerH of bacteria utid is ajd to wash thorn throu{.h 
the filter, so that in proixsrly constructed plant regu- 
bitora are pi’ovided, cotiHiHting of floats controlling the 
rdlhasnt orifice, with slirling valves or sluices for tho 
inlets. 

The urea of filtering surface recpiirod is given by 

tho formula A = p, whore Q is tho maximum daily 

demand in cubic fetst, F the filtering rato in foot, and 
A the area in square foot, to winch must bo added a 
restirve for use while [rortions are being cleaned. 

The rate of filtering wilt depend upon (1) tho fino- 
iwHH «)f tho upper layer of sand, (2) the ofTective lioad 
of wahrr, (B) tho condition of the unfilterod water, 
(1) temperature: near B2'' F. tho yield is only about 
lialf that at 77 ’ {ffazen). 

The construction and dimensions of filtor-liods are 
described in detail in engineering wm'ks, hut a general 
type of a good filter may he l)riefly given. 

Tf» esclude surface drainage tho floor and sidim are 
made iiiipitrvioiis by clay puddle, and lined with 
muHonry or bricks set in cement. 

Over the drains, in the bottom of tho iilter, are laid 
nine to twelve inches of stones or large gravel, then 
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six t<» l\v«‘lv(‘. incln‘H of hUiulUr l tii lavoih 

in coursoucHH, about a f"o! of roano 
Film), iin.l linallv thrco f.-.l of lino wuol. Thm th.- 
inalciiiils arc “ ‘'.nuhnl " ujiWiinlH a « to to/.i . an*! t!io 
ii|ij<cr lay»r is ros^iiluloil uh to miifuMjaly In Fiftin;' 
juiil I'lutrialion, tlio iinos! jiiirlii-U-* 1<« in;', u •nally 
about O'l uiilliniobro in fiiann tor, '1 ho uiiitorial** an 
wiish.Hl <■:u•t•fnlIy. l»nl latt HI*. 

(if iS'nai/.^ in iiiixoil iiialcriiil)* t'oitlitiliinst Jam 
tirloH of ViirioiiH F>izrH tin- watt-r is fona d to m«n»i 
till- hugor anil throiij'h tin- ijm r jun lions «h > li 
(H-i-njiy till! inlorvniin;' himci'H, so that it i* tin- liiicsl 
[lorlion wliii’li iiminly (loU-nnini w l!u» r of tin- 

mnd for iiltniiion. 

Thi! MftHHariitiNills Htiilo ISoiini of Ifiiillh liiivu 
iwaiininiinU'il for (•i-nirul uws two Irrins 

vihifli an* mjilaificil aw f-«llows: 

J-UTrctiri' UK'' ><l mud <ir<iiu " is that iti.uHoliT than 
whirh lb I’l r o' »it- of tlio inasi by wi ijfbi i>* i nialh i , 
mill SM) jwr Pont, hir^'i-r in sizo.’* 

Vuifttrmdti viujHriiiil “in thr* ratio of th«* iliiimobr 
of tho wiiiil than whii-h <»0 iwT i’« n!. liy w»'n*hl is lim r. 
to llni ilianioUir Ihmi whipli H» J«'V «'«'nt. ia ftni r." 
ThiiH, if tin [MT Pi nt, of till! iHinil is l< than f» f.ti 

niiilinictros, nml lb [wr pi*nt. in Ipsi than b Uo nhlb 
. ■ b Wi 

niotros, tlif! o uniformity roi'fln-mnl i« or 

wliilo t!ni “ otTpi'tivo aizo” in b *ir». 

To ilotiTiiiim* thi'W fai’tora. a wi-ii^hid ijiiantity 


PURIFICATION ON A LARGE SCALE. 187 

of the sand is passed through a series of sieves 
(generally eight) of graduated fineness, and the weight 
of the fractions, and the width of mesh, plotted as 
abscissae and ordinates on a curve, remembering that 
the amount that has passed through the coarsest 
sieve will be the sum of the amounts on all the others, 
and so on. The diameters corresponding to 60 and 
10 per cent, are then found on the scale. A low 
uniformity coefficient implies regularity in size and 
larger water spaces ; a high one means greater irregu- 
larity and smaller voids. The average size in mixed 
sand is always greater than the effective size, and it 
was found at Lawrence that the 10 per cent, of finer 
sand has as much effect on filtration as the 90 per 
cent, of coarse. 

Both the quality of the effluent and the cost of 
filtration depend on the selection of a sand of appro- 
priate size, as with finer grades the filter clogs quicker 
and washing is more difficult. In Holland, the finest 
sand is used, of an effective size of 0*17 to 0*19 milli- 
metre ; no sand is re- washed, new being always used 
for refilling. These waters, however, are nearly clear 
before filtration, or the beds would soon become 
obstructed. By sand of 0*04 to 0*06 millimetre, water 
may be made sterile, but the rate of delivery is impos- 
sibly slow, and the use of pressure is not satisfactory. 
At Berlin (Lake Miiggel) the top layer is only 24 
inches ; in some cities it ranges up to 52. The factors 
most suitable must be regulated by local circum- 
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stjiiU’CH uud l*y *>f tlu^ lln'ii t'liii'f 

is to wciii-f; miifoniiily iiml iiiU'Ui-iifiiit control. Thi- 
followin;' tal-lo ftivcH u few i.articularH from varii.iiH 
HimrcuH : — 



It will l«i Hhown siihHHtjimnlly Cp. ‘iftti) that thw 
Itiicfcriul crticit'iicv otily piirliHily on thii 

wiz«* of tin* Hitml KJ’rtkiK*. *n.’t.ny of tlm orKWiimnw 
itrc HimiHoi' thiUi thn intiT^pacia of nvoiJ th(» firiCHl 
Haii'l : tlirir romoviil i« <lii«< to their eolttiu/lcrticml hy 
th« wwghwi film Htjri'oiiniliiig Um jir.iixsH, to their 
niatiial aotagonimii, ftiol to Uhi <hfSlr«clivo iiiilm-iico 
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** Thin liililii itimi i^limvn Unit IliirkiiftnH nf Hiiii*! 
iiiiic'li hm 4?fTf‘i*l final Inivn Immi - 

a faiipliihifiti wlai'li in rnisliriii«‘il at MuHtiai’liiiN'-llft* 
wlinff! it }|ii« fnimd lliai fhii nf ?yiii4 

ln.4wi^fii titw iiiifi fivi? f«’i4 im jiriniiiMil 

nil luirlnriiil jniritj %%hmi li j*rH|*nr riili? nf 
fillmlinii h iimhiiimtml/' 

C4IHIM4 <ii*riir iii %vliir}i %viilrrj4, f?fi|ininii!!y lli«niii nf 
urn niily iiri|inrfr.rl!y rtiirilinti i^vmi liy lim 
i^iiinL Tli«^ Kiln walnr prmimimt uri-'iil iliiTiniiliy 
frriTii llii« liiit %%m n!narn4 willi kiriliiy hf 

Aiiili?r«firi*« prmnm (|n I*rnf, If. 
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..taUiH that the Itivw I'lah-. rnnlniniH.' a .laanliiv .4 
linalv cninininul. a rlay.uivia;' a init. i. ...... i 

Hliirtnrhi.l llinai-'h vi-ry liiK* au.i • v. n ihi-.m-lj 
Uui tiniwl filter i>aiMT. ahi-rciiH a lils< r ■<! alleniule 
laycrrt <4 fiia-ly |.ulvrn/,e.i •• wimi 

waH ill iin-ei-linj,' the hiij'sinty, 

Tlie filler heiliy .lilj.I...l lUel .li- 
(' .Iineeteil, the iilfpei* layer, tthieh i** a aally . uiaja t 
jin.l easily Hepiualeii. i« tem.iVe.1 h.v nh.a.h. mi hy 
u iiieehaiiieiil heraper P. a .h pth -f | t.. } iie ’.*. After 
all interval for luralinu "f the Ik 4 , filteinl aalei 
nihuiiteil very KraihiiUy fr‘»*« hehav, “iie.- if the 
entry were too rapi‘1 tin* eaeapiiip air ham 

ehniiiielH ill Ihii Kaiul. la the 1 .-4 e..u4i ueliou, a < 
at LeeilH. (!Hra{w pii*e»t nn« pioviiled in the wiiUa of the 
lillerH. 

[law water iN then run f*n eaniioH-ly iui«l a*-, 
niiif.a nily hh pojeahle, nn<l the wh.-h' alhnve.i l» re 4 f..r 
front twelve to twenty four honi« Pi alhnv the !.hm« to 
r«-fonii, anil the fiUrttion then i;ra.lit«ny !ee,.|,i. 
inelieeil. At fu>t. the iinniher of haePria m the 
eflltient in iinieh ineiea a <1, therefore the filtral** xh.eihl 
lint lie uwwl until it in prnveil hy evanaiiatioti P» Iw m 
a Kalihfai tnry t*lale. 

The freei'.ing «f a fiHvf ^ ev'. i .hnelr inpn x.n = 
(p. iHtti, then fiire in the luhler l•..!^ntl5ert the !»|i« r 
laaia imiHt hi* rovernil. At llatnhuilP h-w. -o r. »le le 
thn filterH are open innl of Imne area <iieail> two .nn. 14, 
the »«J»1 in Kcraiaal hniiealh lli« layer of !•< hv the 
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Mager apparatus, a kind of dredger attached to a 
float and drawn by cables across the bed. 

The minimum thickness of fine sand is defined by 
the German law to be 12 inches, but it is rarely 
allowed to fall below 15. After washing by rotary 
cleansers with filtered water till the latter is clear, 
the sand is sometimes returned at once to the beds 
to restore the depth of layer, but the practice is not 
to be recommended. The general custom in London, 
on reaching the minimum thickness, is to remove the 
remainder and replace it by an equal amount of sand 
that has been washed and stored, then to transfer 
the old sand to the upper position, thus reversing the 
layers. 

Sir E. Frankland states that the number of bacteria 
in raw river waters is practically governed by the 
volume of flowing water, that is, by the rainfall, 
and gives the following figures for the Thames at 
Teddington Weir during 1896, observing that the four 
preceding years show similar results ; — 



Million 

gallons 

daily. 

Microbes 
per c.c. 


Million Tviicrobfis 

January 10 

... 1,152 

11,560 

July 2 

... 262 

2,220 

February 10 

... 948 

26,800 

August 24 

... 216 

1,740 

March 10 

... 1,673 

18,000 

September 9 

... 431 

4,300 

A.pril 10 

... 742 

7,520 

October 8 

... 2,624 

39,760 

May 12 

... 375 

2,060 

November 4 

... 930 

8,560 

Tune 10 

... 421 

6,760 

December 8 

... 3,840 160,000 


With regard to storage, he remarks that, while the 
number of microbes in Thames water at Hampton 
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averaged during four years 19,258 per c.c., after thirteen 
days’ storage it was 1,619 ; while the Lea at first 
contained 20,376, and after fourteen days only 4,304. 

As to the original bacterial quality, he does not 
altogether agree with Koch that this has no connection 
with the character after filtration. From Frankland’s 
own figures, however, there does not appear to be any 
obvious relation, except that a filter acting well, and 
yielding about the same low number of organisms in 
the effluent will clearly furnish a higher percentage 
of purification with a fouler water. 

In considering these numbers it must be remem- 
bered that the bacteria in an effluent consist of some 
that have passed through the filter, and some from 
the lower layers and under-drains : these latter are 
believed to be harmless. 

Mechanical Filtration . — The sand filter cannot be 
relied upon in America to remain unfrozen during 
winter. Hence many systems of rapid filtration 
under cover and aided by pressure are in use in the 
United States, chiefly for the waters of muddy rivers. 
Alum or sulphate of alumina, in the proportion of one- 
half to two grains per gallon, is first added, and the 
water then passed through filters of small area, of which 
the ''Hyatt” and "National” are the best known. 
The filtering material is usually sand or coke, and 
is cleaned at short intervals by reversing the current, 
as in the Eiddell filter. 

The Morison- Jewell Filter Company, of New York, 
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introduced in 1887 a system of purification on a large 
scale, which substituted a film of gelatinous alumina 
for the slimy organic film of ordinary sand filters. 
The coagulant is a ‘‘basic sulphate of alumina,’' 
formed by mixing sulphate of alumina (containing 
17 per cent, of AI2O3) with caustic soda, which 
yields, when dissolved, sodium sulphate in solution 
and aluminium hydrate as a suspended gelatinous 
precipitate. This, when run on to the filter-bed, 
forms a layer w^hich very rapidly removes the colour 
and suspended matter of the water, and also 98 
to 99 per cent, of the bacteria. The medium is 
quartz, crushed by machinery to a diameter of 
0*38 millimetres (*0142 inch) and screened. Steam 
is also used for cleansing and sterilising, with a solu- 
tion of soda-ash at intervals. The beds are supported 
by perforated screens of aluminium bronze. The 
filter is readily washed by reversing the current and 
removing the top surface by a mechanical rake, then 
introducing fresh quartz sand and alumina, the 
process taking about eleven minutes. Washing is 
done once every twenty-four hours, and oftener in 
flood-times. The rate of filtration adopted at Provi- 
dence, Ehode Island, is 100,000,000 gallons per acre 
per day with a head of three and a half to six feet. 
The amount of aluminium sulphate used is 0*6 to 
0*75 grains per gallon of water filtered. Prof. 
Doremus, of New York, has reported favourably on 
this process. 
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The objection made to these filters is that the 
constant addition of chemicals to the water may 
exercise an injurious influence on the public health. 
At the Providence waterworks, Mr. Weston found 
by the logwood test finely divided alumina in the 
filtered water. Prof. Drown records a decrease of 
oxide of iron by 0'023 grain per gallon, an increase 
of alumina by 0*0292, and of sulphuric acid (SO3) by 
0*205 in the filtered water, when about half a grain 
of aluminium sulphate was stated to have been added. 
It must be mentioned that officers of health in some 
forty or fifty towns using alum-treated water attribute 
no ill effects to its use, and the water has had no 
injurious action on boilers. The rate of filtration 
through sand of the London Water Companies is 540 
gallons per square yard per twenty-four hours, 
equal to 2,600,000 gallons per acre. The Jewell 
filter passes in the same time about 100,000,000 
imperial gallons.* 

The Fischer system consists of a battery of large flat 
plates or ‘^plaques” composed of sharp sand and 
powdered glass fused together to a porous mass, 
bolted together on each face of an oblong metal frame 
so as to leave an internal space with an exit tube 
below. They are washed by reversing the current. 
The process is a modification of the Pasteur- Chamber- 
land without sterilisation (p. 213). The Worms 

* Dr. Swarts and Mr. Weston found at this rate an average re- 
moval of 98-6 per cent, of the bacteria (J. Amer. Med. Ass., Jan., 
1896). Prof. Appleton found less alumina after than before filtration. 
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ropoi't states that the percentage of bacteria loft is 
somewhat greater than that left by the sand filter. 

In many places there is still no attempt at chemical 
or bacteriological purilication ; floating and visible 
suspended matter is simply removed by copper gauze 
strainers. 

Filtcrinij (jalUrics consist of under ground water- 
ways, which are run at a low level parallel to the 



Fiti. .12.— Filkirhig gallery iit Lyonn. 


banks of a river to receive the naturally filtered 
river water ; but the greater portion of the water 
which collects in such galleries is subsoil water de- 
rived from neighbouring higher land, as the bottom 
of a river is usually almost impervious to water, 
from the fine deposit of silt and clay. At Toulouse 
there are long filtering galleries excavated in tho 
alluvium, which yield 2,800 cubic metres of clear 
water at a uniform temperature daily. A siinilar 
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gallery at Lyons has deteriorated both in quality 
and quantity. On the whole, the exiDerience gained 
from the existing galleries is not favourable, but 
when the water is derived wholly from the subsoil 
at sufdcient depth, and the surface is kept free from 
habitation or contamination, as at Frankfort, the 
water collected in this way is of great organic purity 
and nearly germless. If the temperature of the water 
varies on pumping, it shows that admixture with 
river water is taking place. 

Filtering crihs are large boxes of iron or wood sunk 
in an excavation in the bed of the river or lake, 
then surrounded and covered with gravel and sand. 
The water is pumped through pipes to the shore. 
Being submerged, they are beyond daily inspection, 
while control and repair may be almost impossible. 

It is believed that the auxiliary wells sunk by some 
of the London Companies in the gravel at Moulsey 
and Ditton are fed almost directly from the Thames. 


Note is to Infilteation and Tempeeatuee. 

Wells, or reservoirs at low levels, may undergo 
contamination not only from the surface, but also 
from beds of rivers or streams which have received 
sewage. Such pollution often causes the temperature 
of the water to alter (p, 82 ), 

Dr. Jager employs the following formulae for 
calculating the volume of the admixture : — 
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If = the normal temperature of the ground water 
at a given depth and beyond the influence of the 
river ; 

=: temperature of the river near the bottom ; 
and the proportions of the two waters in the 
mixture Q, taken from the well, deep reservoir, or 
boring; and having a temperature T ; then — 
t^ + q^ i2=QT 
T - T - 

or— = Q , and q^ = Q . 

He finds that the results are confirmed by chemical 
analyses, and points out that if the infiltration passes 
at a depth of two or three metres, the organic matter 
in the river water would not have undergone nitri- 
fication. Meinert, while the Elbe was in flood, found 
in a Dresden storage reservoir Bacillus violaceus, an 
organism abundant in the river but absent from the 
ground water. 
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HaUSl-nolJ) i ILIHA Tlti.v. 

Thk orif'iiml of a liltisr wuh Hiniply a >«lraini'i', 

which, hy hack iht! solid jciiiiclcs, c«mhl 

riitulcr a watcsr ch ar iiml hrifjht. Fur thin 

Hjujil, hihI Hiicij wi*ro fuiind to Us siitYiciinit, 
iviifi wjitijr that htwl pasmal thrciUKh llicm wjih Htij»j»fssc«l 
to ho whohiHftmo. was us it cuuhi 

It! 80 cfisily wasluitl and ntit. Band csin ho 

tiikon out and washctl, htil a layor of grc vcl, followed 
hy cojirso sand, niUHt Us intrtHlnccil U h»w Iho fiiio 
«aiitl whicli does tho main work of chirifyiiij?, and 
Ihmlly a layor «if gravol i%m»h h> firt^vcnt Iho lino 
Haml from washing np. Buch fillers were f«iriii»hs>d 
with a pcrft»ral»'!l plat**, or soiiis tina'S with a small 
Biwiigo, to protect tho laid and to retain the grosw^r 
impurilios. All this was m cump!ic»Us*l that ihc 
arrnngcraoiit was uenlwl np whnn pnrcha^i d, and Aa** 
used till it became aloppial hy the shrl from tin* 
water. On Mich an occasion, which |mrhap'» happ' ii« d 
every two years, the fiUor rmpiinid to U* chnms«l and 
refitted, an«l this process was frespiently th lays I hy 
tho user owing to its cost. 

Charcoal, with or without tho use of the »-p«n}'«, 
was then introdiicod as a mfsHnm, Veget nhU eh»»r«o»il 
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ms tnown to remove odours, animal charcoal to 
take away colour; the latter became the favourite, 
and a great variety of forms of charcoal filters were 
placed on the market and received ‘‘ testimonials/* 
The action of the charcoal was not merely mechanical : 
it also for a time softened the water by absorbing 
some of the lime ; metals like lead and iron were 
removed, and it was supposed to be even capable 
of purifying from ^‘sewage/* By compressing the 
charcoal with some binding material, like resin, oils, 
silicates, &c., and then charring again in close 
vessels, the once popular blocks were formed ; they 
were supposed to be capable of being cleaned by 
scrubbing and blowing water through in the reverse 
way. Only a few years ago the tests which were 
considered valid as applied to these filters consisted 
in adding water containing finely divided carbon or 
ultramarine, and noticing whether a clear filtrate 
was produced. In the same way, claret was poured 
in and came out colourless, solutions of lead and 
iron were added, tests applied after filtration, and 
none of the metal found. It need hardly be said 
that the filter must be fairly new for such tests to 
succeed, and that they have no sanitary value. 

In 1876, the Royal Commission on Rivers Pollution 
pointed out that when the filtered water was allowed 
to stand, minute organisms, animal and vegetable, 
appeared, and made it unfit to drink and actually 
offensive ; whilst, if the charcoal had not been burnt 
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and various pathogenic organisms (Staphylococcus 
j)yogenes aureus y typhoid and cholera bacilli ; see 
p. 304). They examined the filters of twenty-one 
manufacturers, including all the best known types, 
reporting that the only forms that did not admit 
the passage of disease germs were the candle filters 
known as the Pasteur-Chamberland, Berkefeld, and 
Aeri-Filtre-Mallie. They condemn all others as in- 
creasing the risk of acquiring infectious diseases. Even 
in regard to the two latter forms, their approval of 
the Berkefeld was based upon insufficient experiment, 
and of the Mallie on a non-commercial form {British 
Medical Journal, Nov. and Dec., 1894). 

A report by Dr. Plagge, which has been issued by the 
Prussian War Office, mentions that in 1885 he tested 
all the then known filters, and found that the carbon, 
natural stone, gravel, sand, cloth, sponge, paper, 
and asbestos forms extant in Germany were entirely 
useless. In the few cases where he examined filters 
from England, made with spongy iron or some form 
of carbon, he obtained the same result. In a renewed 
investigation of modern forms of filters, conducted 
within the last few years, he came to a similar 
conclusion. With reference to a number of carbon 
filters, he found that they were all incapable of pre- 
venting the passage of disease germs, and he severely 
characterised the false claims put forward by the 
makers. The different forms of filter composed of 
a carbon preparation and asbestos, were also found to 
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fiiil, m w«ill a» tha WMiMiricnvri Amimm filti^r nf tinnier, 
co!nj»nm,Hl f>f of iiii oKriw^iiiiiglj 

rIoHt? f«'lt fif vi^rv riiif-lyoliviiloil Willi ri^gitnl 

to tliiH -Hr. foiiiioc'hitt iiIho H<iVi4 iEmir 

L B. Biiillirng PariH, IHlM) : **ll m ind ii ptrU^i filter, 
iiH ii iillowH iiiirroliPH to ; it prm'i-o in f'lrt, tliiit 
fJia of till-! filitliiiiilil iii tli**' rriiiHlriirtbn 

of n filter rtooH laii play loirh im impr*rUmi purl im hm 
lioftii wild, h«'?rci in a iiifiiiliriiiio whmm {■Mirlioli^ii 
aril not riiori! Ilian ^,4*i tmllmwim (O’lMMlI inrlii 
in cliniiioter, wliiln pom-^lairi woiilil bfi f«iriiii'4 of griiiri-'H 
itnirh morn lailky, Umilm Iimving !#rlw*ooii tJioin 
pj'iarofi largi'»r ilmn iIioho of It in tifil no 

mmvMmry to oliiiuri i^iriallor tliiiii llici iiiitToboH, 

wliirli in jirinrlirally inij.HiH;ob!o, na to firriini l}i?il 
rnirrobon arriving in llio inlio'irir iiiiiy liii rf^niiiinl 
l#y tiiolianilar iitlra*4i<:in/^ Hr, Porir4iiKlc??i 

iliat Hat Umytr form fhm* iiol lilt«'r --*<1 m liio 
{4n'iiiiborla.ii*i, fliai il h ililfr-'iiil lo i4oaii, f-iii4 

liiililit to loa-kiigo. 

Hr, Pliigiio aliifi rori4raiim:til nil innrlci of 
rolliilomii iiii4 nwlio^on, lliii 

Ifiial %%%n ilimrrttMifl aii «ili-#fyiiig nil annitiiry rr'ijnirii* 
rrioiila. I In tlian noiiiii of tlii iinitjitioiin-, 

\vliii4i, trliilii yiolfliiig mnUtf iiii.ic}| iiioro rajarlly, firi" 
ntiiteil by tbo mnlwrn to l-»i f‘^«|i-iiilly rfliraait. Tin- 
iiprkofulil lilterrt m^m ii-iinw»i%a,4y iiiab^r ob>^»'rrii!i*iri 
during lliriai ymr»^ |}iiily*MfVfOi npnmtmm bring 
iiii?4 ; of |}iom% fiiiiwol tnirnibri tilriirtw^ 
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iinmoilialuly, within twnnty-four hours, or before the 
ontl of tho trials, which lashsl thr(\o to eight months. 
Dr. I’laggn in of opinion that it is in(li8ponsa.ble for tho 
Ikirkiifohl fi!tt?r to ho boiled either once or twice in 
twenty-four hours, according to tho extent of its use. 
He further draws attention to tho fragility of the 
Burkefi'ld lilier as compared with the PaHlour-Cham- 
bcrhmd form. 

Dr. .Tohnslnn, in a bacteriological examination of 
reprmintaiivi! filters in 1H94, obtained similar results, 
and HtntrrH that “the I’asteur-Chamborland filter is 
the host and the only one on wliich reliance can he 
placed for permanently sterilising water.” The results 
were obfainwl with tho cylindors marked “ B,” which 
are intended for slow filtration, worked from a main 
tap at a pressure of from twelve to forty-six pounds 
to the square imdi. 

nuinoelmt, using tho rapid Pasteur filters marked 
“ F," working continuoualy under pressure for several 
we 4 >kH, found in tho filtrate only a few bacterial 
colonies and nionlils, which ho considers wore duo 
to accidental contamination while making tho cul- 
hircH. 

rnfortunatfily, therefore, tho majority of household 
fiUeis aro worse than useless, since they do not remove 
tho cmifiiminating bacteria, and actually, by forming 
a niiluH for their growth, contribute to their formation 
and inulfiplication in tho water sought to be purified 
by tfmir means. Tho extent to which the danger of 
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a bad filter may go was calamitously shown at 
Lucknow, in 1894, when a particularly virulent 
epidemic of cholera among the East Lancashire 
regiment was traced to the pollution of the barrack- 
room filters. Out of a total of 646 officers and 
men there were 145 cases, of which 93 terminated 
fatally. 

Hankin maintains (Eeport on N.W. Provinces 
of India, 1895) that domestic filters, except the 
Pasteur-Chamberland, are quite incapable of keeping 
back the cholera bacillus. P. Erankland obtained 
some unexpected results with Pasteur and Berke- 
feld filters, when Thames water sterilised by 
filtration was infected with the typhoid bacillus. 
The latter refused to grow, and in five days had 
disappeared. To ascertain whether any antiseptic 
substance had been communicated by the filter, 
it was washed with a large volume of pure water 
and tried again, with the same result, although 
in the same liquid ordinary water bacilli were 
found to multiply with ease, showing that the 
filtration removes some food substance necessary 
for the growth of typhoid germs. M. de Freycinet, 
French Minister of War in 1892, states that where 
the Pasteur filter was used, typhoid fever dis- 
appeared, even in the garrisons which were most 
often and the most cruelly attacked. His suc- 
cessor, General Zurlinden, strongly corroborated 
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this statement, with the caution that soldiers 
who have in their barracks a pure water are 
none the less exposed to typhoid fever in inns, 
restaurants, and other public places.” 

The candle filter is the outcome 
of experiments made by Pasteur, 
who found that plates of plaster of 
Paris were inefficient in sterilising 
bacteriological fluids. Chamberland 
afterwards suggested the application 
to drinking water of the tubes 
which Pasteur had found efficient 
for bacteriological work. Such 
filters do not merely strain off 
suspended matter, as many of the 
organisms are smaller than the 
pores. The action must therefore 
be due to some molecular attrac- 
tion dependent on the material 
of the tube and its manufacture. 

It is stated that it requires the Chamberland 
highest skill in pottery to produce. firm). 
a uniform result as to sterilising 
capacity, and that some 30 per cent, of the finished 
tubes are rejected on test.” Many other forms of 
porous porcelain have been tried, but none of them 
seem at present to give the same efficiency. Candle 
filters are manufactured by the Sanitats Porzellan 
Fabrik at Chariot tenberg, and in this country several 
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EnKlish-madci candlo liltorK Imvn iiauifl tin ir aj»|!i'iu- 
ancfi. At pnmtsiif., lio\v<n'i-r, tJuri! i!< uu 
ovidtuico to warrant tint lu lii f that any nf tin in iln 
protoetion itf^ainHt wator-horiH! iliwaw- whifli n!Tori|« «| 
by PaHtctur liltralion ; and lint awninjititiM tint! thny 
fuintlini) Hiinilarly ina very (laui;«*rmni one birfln- i,>i»n«ral 
piiblie, whoaro imablo to ilinlingitiali bcf worn tlji> forma. 
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84. 8U) or of a pimip, uwlttr auction of n !,ij.h«.n !ol<« 
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Fig. 35b.— Cistern form of filters with siphon tube. 

chamber, as shown in Figs. 35 and 35a, or from the 
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The Nordmoyor-Borlc(»feld ijltor (Pif,^ 37) is made 
of kieselgiihr, or infuBorial narth, in the same form 
as tlie PaKtour, but of much greater thicknesH. It 
is much more porous than tlio porcelain of the 
rasUiur-Chamberland, and allows the water to pass 
with about five times tins 


rapidity, which would 

he a great a<lviuitage I A 

if it were not for the E ^ 

fact, as shown by the '® i jv®| 

experinuints mentioned i iB lUJiUWIIPiL^ 

above, that it is also I' Bj 

more p<irmeable to mi- lijiB ®* 

crtjljes, and allows them ^ 

to grow through in a , r ' 3 

shorter though variablo 4 B 

timo,und therefore do(m 

not present an equal 

sahity. It was never- 

theloss thought that it , ,,,,,, 

, . Fki. S7. Nfirditu^fr-Bcirltiifuld 

was suthciently resis- nuat (ijrtwHuru {(innj. 

taut to give protociicni 

ilgiiinsfc waiur-liorne diBoaBe, and tlio (aitiro liritinh 
furccis in tlici Bouih African canipaign of 1899 wore 
ef|iiij)lied with it. Tlioy notwithHtainling Builorod onor- 
nicnmly and coimtantly from typhoid fover, a roBulfc 
wliicdi, wlioii eonirasied witli practical r(?HultB obtained 
from 1/asteur hliratiori, threw doubt upon the filter’B 
capacity to arrcHt the iriierobe. Thin ban Bince Iieen 
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ir.l TEti VVKltlCA rios. 

iuHlvA (lirfictb- altlu* l4U».rjilory of tho Koyal 

Army Moilifiil at K«-lloy, I'.v I*rof. Ilomwka. 

un.l it luiK l.ccm found tlml Um typh.ud J.aciilut*, avm 
in water without any luitrient a.i.Utioi. wlmtavcr, 
|M‘!H!tni.t<*M the fiitrr 

in a ft w <h»y«' •^aniii 

liacilhiM, whellwsr in waU-r or 
in nutrii-nt liroih, faih«i alto- 
giitliwr to jKJiu’irat*) Ihiatinir 
filtert* durifn' this aevorai wcekn 
over wJht’li tho exjieriiiuntH 
laaUal. 

Ah to thfi rapidity of fdtra- 
lifiij or output of ihn iSifrkofisld 
filter, l>r, 1*. I■’rallkland, who 
reiairU'd very favounihly on 
thi« form, hut tried it aft^ r loo 
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iiHing lateh Katrim* wati'r, Jomid 
that thi! rate, whieh whs at first 
ttlaiut Hovoii galloiHi an hour, 
had in oni* hour dimmishi d to 
’ a1«H.t ImU tlmt ammmt, and in 

llfifl fflltlKI- ikltliwi I ll** lilllittef 

removed whh a dark hrown layer of sUme of a vi g«* 
tahio or jienly nature, omtaining also all flo; l aetiria. 
Ho piihliMhftd no trial of th« filtrate after ihu fimt 
twenty minnlm mentioned above, 'Ihe M>»nfhi'Htrr 
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fvn supply also gives a coating of thick black mud 
e-eighth of an inch in thickness, swarming with 
cteria and other organisms. The Pasteur filter 
th the same water required cleaning once a week, 
lich seems the ordinary time for the Pasteur form. 

If it were possible to subject Berkefeld filters to 
ily sterilisation, they would then be as safe to use 
the Pasteur-Chamberland form, and the question 
uld resolve itself into a choice between a battery of 
steur-Chamberland filters, involving only a weekly 
aning and somewhat larger initial cost, and that of 
couple of Berkefeld filters purchasable at a more 
derate cost, but necessitating a daily sterilisation 
recommended by Dr. Plagge. It would even then 
Sfe to be remembered that the kieselguhr filters 
m to be handled with considerable care, as they 
I far more fragile than those made of porcelain, 

1 the slightest flaw would render them quite 
less ; and in this way the renewal of tubes would 
lome a large item of maintenance. There is, 
ther, no certainty that the Berkefeld tubes are 
^ays initially sound, owing to the impossibility of 
fible test other than bacteriological examination; 

1 the process of cleaning inevitably destroys their 
ndness and renders the filtration illusory sooner 
later. The initial efficiency of the filter, whatever 
aayhave been, will therefore be liable to be reduced 
ough these factors ; and the impossibility in actual 
ctice of getting a filter tube sterilised every day or 
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uMrK/.* vnaiivA JUis, 


HO with riiluiniy tmd r<'i.^iiliirity itialo'rt il iiiijfriHHilili* 
for pmc'tiriil purjio>*-H to Hiilihlitiilo fiir 

Fii.Hti'Ur filtralion m a j^r^viiitalivo of Wiitii'-lioriip 

11io fnH in liofiirluiiiili* ; l»ol- llm liiililury 
in Koiitit Afrifii hIioiv-i^ ilial it h.|i! 1 muro 
that iho faid Imvo ioiioritd or 

ttiiiiit4(*o%*ii*oil for nn hmiu 

Tlio ** Arri-Ftllrn ** in iumdYiii'it^d in iiHiiiiLir 
way to iha Piintpur form, Ful m nimh^ iif ii }»orri4iiiii 
priHlii of o^{*oo«iiin4y tiiiolvoii%-'i4o4 lodirt^of-i 
Ah cli*H<*riliia| liy l^ra. Wondlioad iiiiil Wood, ii miift m 
alow in filtration m in il fmiii ovi^r rriiiiiii|,t 

iiit4i gomiriil iiHca Binao tln.^ liali? of llml oxiiiiiiiiitlirin 
ii IH boiiig iimdn of t% ditfororil taiitijioHiis^<tii 
only n hiiihII amoiiiii of iihF-ohIoh, i»i4 in iIiih form 
tlinra am no p^il4iHl^o^l «liilii f*»r iIh oHirioiiry 

in nrroHfiiig nii«'rolioM, 

In mm.i of ii f^iii-jorion of fnilnrr iiny m 

Hfiiii|il« of ilio filiorod nalor rarofiilly rfillirrlifd in n 
HioiHasrctil boillii, im 4cmt»rik?4 on ji* ulionlil tir* 
aiiliiiiiitei to fin ciic|a*rt for 

Wliiitimtr form of lillor lat ailm4iM!| llio liliorrd wntrr 
iiiiiHt of omirmi bti ritrofnlly giiiirtlifd from 
}ioiliiiioii. 

In linliii Ilia iiw of lint 
Iiiitloriim for birgo witjijiliifH lifiH gmilly 
Thotirj eonatnirtotl for ttii Itiirjiling 

wiitorwrirltH 'IS) am of tln^ 

awl roriniHl of tliirljoioglil m4h of Imiidi ra#! 
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iron coated with an acid-rosiHting compoHition 

/ and arranged in four rows. Each coll contains 

250 Pasteur liltor tubes ILxcd into solid elastic 
buHhos, and is connected by wrought-iron pipes 
to cast-iron mains, which deliver into cast-iron 
collecting mains, all protected by the acid-resisting 
composition. The cells are fitted with gun-metal 
valves, onaliling any one cell or group of cells to be 
cut out for cleaning or other reason. Tho inlet and 
outlet pipes are controlled by sluice valves in the 
ordinary way. Gleaning of tho tubes and colls is 
effected by means of a circulating pump, which 
forces through the tubes o! any coll or group of 
j culls a solvent— usually a diluted acid — by whudi tho 

do})o8it in tho pores of tho filter tubes is removed ; 
and it is claimed that at the same time tho whole of 
tho fiUta-ing system is sterilised. “ This process only 
entails the passage of Jin inappreciable <iuantity of 
acid per gallon of filtorJid water during tho day; 
and as the Kamo acid can ho used several times, it is 
accordingly both economical and free from objection.” 
All the parts of the installation are interchangoable, 
and its nominal output is 150,()()() gallons por day. 

Himilar colls are largely used in this and smaller 
sizes by some of the larger steamship companies for 
sterilising the drinking water. This is of considerable 
I importance, as many ports of call are known to have 

% inferior water supplies. 

^ For military or travelling purposes exbanst filters 
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are fcHiiiil by exjii^riiiiw iir-'irts muutUu tlinn iln* 
preHBurc) fonii?4» m tlay* iiivolvi! im pHuin li^ivi* 

to be brtikrii f*ir lhmn$i tlm biii^ Ahli:iiiii 

ex{M'»<liti*»n, a at imriahlv jiri-HHiire lilirrH ivii'i? 

iiBifd ill Ua.? lield and €au«i*tl Irsinlilii in lliii iviiy, 
TIhibii mn*it Bj^triiilly iiiadifi and tfi-n* iif 

aluminium iilbiv, wiili ii:!i In 

recluee tliii wruglit in tlm uim«i.4. rxh'td rniitUHtf’iit mulli 
iurvieeablii BinuigUi. Thu alatinii mlaiti |}i«"y 
UHud \vm the fuily umt whiidi wiib fmiii 
m} iliilt tlm lihiriiiiry id ilw hllrii!i*ui v^;in IIiiib iigaiii 

KiduiiiHt fillura aru niiifhi idiigli* liilii":ii fnr 

jtciraciitiil er with biilkirku hir lliu iim: of bndir/ii of 
iiirii. Ill view of tlu'* ollrml by 

alriiima to liuui rui iliii iiiarrh, luiiall |airkf?l in 

a ea«(i, whi^di roiihl Im iifurd wiili tir Willioiil ii miiiill 
liHiii! f*irt* 0 “jtiirii|i, f*iin bo fun^jiib.-d in th^- nirii, 

Biiriioii filtora iifii iilwiiyrt fibjnriiimitbh^ ii.fit il ib liiirdly 
IMm-aibltj to jirovoiit llio aiilivii ilcimii lli»^ liibr, 

Tim iijilirm form i« ii-wTu! if ii wtitabb? vi-vr«j i:i at 
liiiiiil. Tim |«irtiiye fcirtii wiifi liiiiid |'niiii}i iiiijf*li 
to bii |iriTorrifib 

III muidnmm, iililmiiglt a lou-ii fuijtjdy muy bo of 
gocii! cdiomiml r|tiiility, roitijifirfilirrl)^ fm* from buio 
teriii* and %vi4l filtm-th yot in ilj fo m tip 

wcirka to the roiihiinu-r il iiiiiy ronffiuiinjitK if 

with tlm bimillim c*f tyjilmid or idmlrra, or .wiitio oifa r 
imllicigiiiic orgniiiHiiifi, broinittl in by Imkifi*?- fruiii 



Fici, 31),— A cyll of H/ lurgo Fro»jUiro Filtui’, 

tlm)ii<'h i>n(! o£ tlio huikI lilkire bocoining frozon and 
rcfiiHiiig to aid, though in tho provions yoar tho lilter 
had Ktii'WiHrtfully ntHistod tho opidomic. In tho Hamo 
way I>r. Kloin han rocontly aliown tho liability of tho 
London Huindy to pollution by sowago organisitiH, 



iiM /i H n 


anil l^r. Hliirluy Marpliy nUrih^U^^ i-i:ir:i .nf 

Ifllirtii!: !i*V*'*r ill til«’ mtm* r:4ii.,>. It |. rrii 

rliiflly tli-^it- iil flw pr»-:a-ul turn* tlu^ 
HlrTilimilirm «f iil lli*^ -faij»|4y 

eiiti-^ 4 , iitpi «aily lin^ ji:iriiiil Jiinir’4 

III. ’riai jiM:-^';4l4Iity from 

Hftiiiii ninHim riii4rri^ it l4ir!lily iiiijMirliiiil l}i;il 

ii4ri}4i?«! i^y f^vrry IiMii^-vrl^oMr-r. In inaiiy rMri4ito'iiiii, 

im rill licmril i4nji nml m r<mnity fillriiti^4i mi ii 

iiiiiillnr w’liln in l\m «4iiy j4irilr4iin'*ii prfirlir-,44«. 

Tliat aiii’li II wvi^intii in fttliiiiia}4i.* liy aiiwjiln iw-iirir 
%vn Iiiii’n iilti“tnj4r*| in i4ii4V, II I 4 ? a 

iili4il, him! |ir«il4ilily mil a m tlmi tin? 

ritijiiimi »jij»iiriiliiii \nt fiiiiiif4ir4 mnun j« 4 'lP 4 i 

Ilf llict unUtmry fittinm^i uriil tl^il tin? 4iily 

«f il r!riiiiMi-4 iii3«l iti «ir4*‘r !.** l•■ll^or€r.|| liy 

ciilirkl Tin* 1-^}# ii^vr tin rniii 

j«iri«oii witii tlii^ inillay tlnit in j« 4 -io 4 ioiilly 
ill coiiilwtiiig with 4iw«i«i?ii wliir ji iir*? r«ii% 4 ’^y «^4 ilir«ii||}i 
ilin nifaliiitii cif iiii|airi> wiili^r. 

Thii riiiKirt« »f tliii Fr*^'ir<4i Mtiiiiil«?r «! Wur iii 1 m iil 
lllltl lBa2, f||j|ti0|i»|riil«4 it'iftt iirfiii«|*ii nnm 
in t!in iiiiiiilinr nf ilmltw Ifj4mi4 in tio- I’imiJi 
iirniy IiipI folknwl Ihf! ifif ♦♦j#i wi? 1 * 4 

wnfiff for tJiiJ wiitf*r nf rivwrn sir %m4h. In tlw^ 
fif Miilinn in ilm «lt?iil}w fr«iiii 4i'0-4j.r {|44 
iiiinti l*i*i ; iifliir llm *4 flw 

Cliiiiiilwirliiiijl fillt*r, ilir* iimiiniit.y 
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fell to fifteen, six, two, seven, and seven. In one 
case the attacks were confined to soldiers lodged in 
the better rooms who had made use of water from 
troughs fed from the Seine, on account of the filters 
being frozen. The other battalions, who had drunk 
nothing but the regimental tea, had not a single 
case. Similar and quite as conclusive examples occur 
throughout the report in reference to typhoid and 
cholera, and still more striking results to the same 
effect are given in the report for 1894. 

The slowness sometimes urged against this class of 
filter arises from the attempt to get a higher duty 
than the nature of the water allows, therefore the 
size and number of tubes must be proportionally 
regulated. Where slimy matter is present and power 
is available, a mechanical system of brushing might 
be devised ; better still would be a preliminary strain- 
ing through coarse sand, with a Pasteur filter as a 
final steriliser. 


CHAPTEE X. 

SOFTENING OF WATER, 

Although the carbonates of lime and magnesia a. 
almost insoluble in water, in presence of carbor: 
acid they dissolve to an appreciable extent, formii 
bicarbonates, which though unstable, have be^ 
proved to be definite compounds. As rainwater ai 
other natural Avaters contain free carbonic aci 
partially derived from the atmosphere, which contai’ 
ordinarily 4 parts in 10,000, and partly from t' 
oxidation of organic matter in the water, they exc 
a solvent action upon any carbonates present in tl 
soil or rocks with which they come in contact, a3 
thus most natural waters contain these bicarbonat 
in solution. Such waters are said to be hard, ara 
chiefly, the hardness is due to lime salts. Pomi 
tions containing magnesium carbonate, such as i1 
new Bed Sandstone and the Permian, usually yie 
waters in which the hardness is due to magnesiti 
bicarbonate. 

The word hardness, implying the hard or hari 
feeling to the hands in washing, is thus used 
a purely technical and commercial sense. In vo: 
hard waters the curds which are formed before^ 
permanent lather is produced by the soap are oft^ 
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considerable, whereas in distilled, or a very soft water, 
a lather will be obtained almost immediately, and 
little or no precipitate will be formed in the water. 
Natural fats are converted, into soaps by heating with 
soda or potash. This process effects the decomposition 
of the fat into the potash or soda soap, or salt of the 
fatty acids which exist in the fat in combination with 
glycerine. The hard soaps contain soda, whilst soft 
soap contains potash; when dissolved in water they 
both yield a solution of the well-known soapy feel, 
frothing and forming a lather on shaking. The other 
metallic salts of these fatty acids are insoluble in 
water, so that when a soap solution comes into 
contact with a hard water it is decomposed, white 
curdy precipitates of lime or magnesia soaps are 
produced, and at the same time the solution ceases to 
have a soapy feel, and loses the property of lathering. 

When a w^ater containing earthy bicarbonates in 
solution is boiled, an escape of gas will be noticed, and 
gradually a white precipitate will be thrown down, 
with a corresponding loss of hardness. The white 
precipitate produced consists of the carbonates of 
lime and magnesia formed by the decomposition of 
the bicarbonates, and as this . change takes place on 
boiling, when the hardness of a water is due solely to 
presence of these salts, it is said to be tenvporcury. On 
the other hand, the sulphates, chlorides, and nitrates of 
lime and magnesia are soluble in water, even in the 
absence of carbonic acid, and are not precipitated 
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on boiling, Thoy, llufrofori.!, ooriHlitiilr* wlmi Ih liiinmii 
m p^nintnitmt liardiic?««, or Inirdiiiiiiii iifli’i* 

For |nirpoBc?H of eoniiHirinons bolti of Iiiircliiciftfi 
lire roeorcictcl in torniH of Ihci iinioiiiit of flinsolvcti 
curbciioilo of liiiio tliiit wcmlil ibTornpoHii niicl iiroinjii- 
tato llio mum ninonnl of mmih A iriorifairo*! 
of Ibt! umially fifty eiibic in liiliiii, 

and ** (.’liirk'n Hoiiji.timl ” (ii lii'finilii iiiimiiiit of waip 
(liniiolvod in jn’oof ^ipiril) in addod from n liiirMli:* iiiitil 
a |ioriini!u^ni latlufr m prodiifoiL Kiirb oiibic* ririiti* 
nioirci of Hcmp nohition iiwid rf'jironoiiln oiif*- lo'aiii jior 
giillon of fttiiil hurdnfm onlsniiitoii tm riirboinilo of 
liriici, Anoihor nioaiiiiritd f|iiiii4l,.ily of llici wiilor k 
iliini boiIt.!il for iiboiil liidfoaidrtiiirp tinlil llifi 
lii«irl'M.:ina!f?n aro i!oooinj>oiii!f1, filk*ri*i'l, if 
iiiiii ilicimia|.» toi^t lignin ndili^d frroii ibcf btiri'ilu iinlii n 
laatiiiinont Iiiliior ri’iiiiiiiin, Tbi-t^io'-roiii'l roiiiliiig 
lliii jHiifmnml hurdnrm in loriii.a of rfirbfiniili:i of liiiio, 
iiiid IliO flifli^roiiro bolmr*ii tin? tmi in ||ii* 

tmpjmrf Im nl n m#, 

IlarcliMini u iiinifi-lly ri'n*or«loil in dogri’Ofi, griiiiii 
of cmrkiinitii cif limn |M-^r Miillnii, to iln- 

ncmioibmtroying jirmw of tlio wiikir iiiwb^r i 
Frriiii tlii» ntiiiilwr lliii jiarin jiiw ran b».' 

obtiiiriocl by iiiiilliplyiiig by um anil iliridiiig hy 
Siiit*ii ii jiorfiirily piiro wiilor ri*'«}inrA.’’fi ii ittiifili 
of siiaji boforo it prodirci^ a kllior, iiiiii!y^'!a un> 
aeciiitciiiMiil to cliffliirt um cl«'*grw from llio n-ading 
ec'irrect for tbia oori«tini}itiiiti. It i«# l« d not 
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fri «iri lliiH, m till* llii-i ii«‘tiiii! i4fnn'i r'iii|. 

Biiiiiinii ui t!i«’ 

Iij clilTr-rriit iiiiiilvt4.i4 liftiii i^licnv i4i||lil ili«rrr{iiitiri«44* 
r«irri-rl$fiii fiiiil lii viiriiifi«iiii-i ill lliit 
liiiir* fif iiimI vmtmm, 

from ii i4 timiifi t4nm lluil iliit 

Iiiirilii<"i4-f4 Ilf w:4rr !4in»|4y ii«t |irf«liii4i tiny 
|if4Tr‘j4il4i* «4T«'*’I llii^ iiiilwitliHliiiitliiiii 

iiif* fuel lliai it h }ii4«i lliiil liiirit wiilf?rfi 

t#iiil t« iipiitrp riilriilnitu ilii«.tr4er«» li irti 

lifiwr%4^r» r«4iiiiii lliai fi iif W 11 I 14 * 

frri|tii4illy itti iiiitr}! elleel m ii of nh\ iilifl lliiil* 

\r}iy imi in 11 unit ilriiikiiig wiil«r 

eijictrieiirii tif liift 

cm jiiirliiiiiiin i»f fiii.ril ivider tm 11 fiiw iliiyn, 

imlmitml nml Miini'iil nmm^ n Iniffl 

miifrr hm v^ty mAimn ili^nilviiritiigi^M. Tim wiistii of 
fifiiiji lilfiiiri m gmmiiUy iifiilitfl to niiioiiiit to twiilvii 
jfotitMlfi |i«i* lf\ciC]fl j|iil!oti« of wfitor fortivory ilogroii of 
tiiinliiimn. Frriiii llw iiiilhor'ii itxiwritooiilH, iiio.l from 
i*iilriiiiitiiiii, llio ifi |iroliiiliiy rnllior tiwii tliiwi 

llio iilwvi:?, iiiit iiiiiy ht wilfly 118 from niitii to 

Um iioiiiififi iwr lCI,fKMl ^iilfomi for itvory fiogriiii. Mot 
oiiiy floifii II liiinl wiilor oiiiiwi tliii ii*rt«iti 8 wtiitii, liiit lliii 
rfiril mmmlom m grmiy in iiiiili, 

tinii itltiiiite, iitiil foriiii me of tliii ilirtkiiltiii in 
ilffiiliiig witfi «©wfig®* Wlion » ftcMiMi in wiiifiirig 
to ovorconift Ifi# liarcltwii, thi falirks art mcira or liiii 
injiiroil, itnl inioliiWn aarthy soap um itift in flirt 
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fibre. For rnoBl iricliiHtriftl ii usift wiitor i« 

iiidiKpcirmalila, and, with tho maqithm of I.oiitlfui, nH 
groat manufacturing '/‘ontroH haw mifi TIii! 

woollon tracio of Bnulfonl would Im MorifiiiMly 
if that town had a harrl watf?r siiiijdiofl In it; micl 
(aa iilroadj miuitionod) (iliiHginv iii Ofiliniutofl in mmi 
XIMijCKM) iinnually in ilici iiiattor cif piiiji i4iricii 
Lorli Katririii i>vati'?r. 

Ill cookii}|,^, a hiinl w’litiir in o}ijiH»tiririiildt% m ii 
di'ipoHit of liino aiilta m formod ttprm tli« i^urfacoH of 
tcm4eii?cm, initat, vogolalil«*«, Ac., whitdi hiiidora tlioir 
o^tlraotion or hardiinw tlmir It Iiii« Imoii 

iiHuortial that ** tiui oiiiiroM of ton tiifiilp milti it;oft iviili^r 
m m Blrong m oJghtiam ontiri?ii hrowod wiili Imril 
walor; ” and M. Hoynr, in Ida iiviilonco hr-hiiti a Bojiil 
Coiiiiidahion, provod that in tlw imildiig of soup iiiorii 
moat i« ri*i|idrod wilh n hard wiilor, mid lliii tipi-nition 
takoa II longia* liimn Vi'gidahloa liiii’fi iJudr rcilnitr 
diirkiiiMal liy ilio- liriion of llni fnrlairintrf of limo. For 
tliciiii fmmnm, it in n iaiiiiinoii |iriicii«*r: to ii4»l ii lillli* 
liicnrlairiiito of soda to lliu wiilor in eidiiinry i*j4orii- 
tioria. III linking, lliii doiigli rimm liiillor, mid hmi4 
ii ligfilcir in colour, wlion mM wiitor m tmd. 

Ilrtiwfrrn iirid dialillfira find ii anfi tiiiliT i^«ry 
diisirnlilo, m, wdioti Urn walor liiia ii higli f*ifi|it.ri4ry 
ImrdiifiHa, tlio rofrigiaiitora l^ointi n^^nti'd miili ii imio 
eondiictirig mnk of riirhotiaki of iifiiti wiifi 

cirgatik miittfir, whkli m ofton ^ory lldrk mul difiirull 
to roiiiofo. flio prii»(itiee of ii Inrgo r|iimitily of 
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carbonate of lime makes the water alkaline, and so 
hinders the fermentation and favours the growth of 
unhealthy organisms. Permanent hardness, on the 
other hand, seems a condition for the brewing of light- 
coloured ales, and Burton has gained its reputation 
from the sulphate of dime which is present in the 
water of the Trent and wells in the neighbourhood. So 
much is this the case that, in other localities, sulphate 
of lime, as gypsum, is added by the brewer when the 
water supply is deficient in this ingredient. 

The fouling or furring of steam boilers is due to 
the deposit of earthy salts which is formed on boiling 
and evaporation. The reactions which take place in 
water heated to a high temperature under pressure 
are different to those which obtain in water boiling 
in an open vessel. The carbonic acid is less easily 
disengaged, and consequently the carbonate of lime 
is deposited more slowly. The incrustation given 
by supplies whose hardness is mainly temporary, 
such as Chalk waters, the Thames, and most other 
rivers, takes the form of warty, detached plates, or 
cauliflower-like masses, which are fairly friable, and 
do not adhere very strongly to the iron. Such boiler 
deposits, therefore, do not present any serious diffi- 
culties beyond the trouble and expense of cleaning 
the boiler from time to time. At the same time, 
careless removal of the scale by workmen may cause 
damage to the boiler-plates, and in most cases it is 
more economical to soften the water before use. 
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‘‘ Selenitic ’’ w'aters, or those heavily charged with 
sulphate of lime, and magnesian waters containing 
magnesium chloride and sulphate, deposit a crust 
which is very hard and crystalline. When chloride 
of magnesium is present, the heat causes this salt 
to be decomposed, and hydrochloric acid is produced, 
which is given off with the steam in small quantities, 
and causes corrosive effects which may be of a serious 
character. Magnesium hydrate is at the same time 
deposited in the crust, according to the equation : — 

I'.IgCla+QHaO = Mg(OH)2+2HCl. 

This decomposition is retarded in the presence of 
alkaline chlorides, like common salt, so that sea water, 
although it contains a large quantity of magnesium 
chloride, may be evaporated nearly to dryness without 
any evolution of hydrochloric acid, and even at the 
high temperature of boilers the decomposition is very 
limited. The addition of salt to such waters has 
therefore been suggested as a remedy for this pitting 
action, but in most cases it would be better to use 
a softening process before the water enters the boiler. 
The magnesium hydrate, which is invariably found 
in crusts from magnesian waters, owes its origin' 
mainly to the decomposition of the magnesian salt 
by the carbonate of lime previously deposited, the 
carbonic acid escaping, as shown by the equations : — 

C8)008“}“M§Cl2 = CQiCl2~l“MgC08. 

CaC08+MgS04 = 0aS04+MgC08. 

MgOOs+HaO = Mg(OH)24-GOa. 
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Vivian Lewos points out that this explains the 
almost entire absence of calcium carbonate from 
marine crusts, and also that ferric chloride is not 
found in the water, which would bo the case if cor- 
rosion or pitting wore due to hydrochloric acid. At 
the same time, it is quite possible for both actions 
to occur, and some corrosion may take place before 
the calcium carbonate has time to take up the hydro- 
chloric acid, the iron being afterwards precipitated. 
It will bo noticed, that all the incrustations from 
marine boilers contain a considerable quantity of 
iron (Table B in Appendix). 

Calcium chloride and nitrate, and also magnesium 
nitrate, although present in most hard waters, are 
so soluble in water that they are never precipitated, 
and are consequently not found in boiler crusts. 
Some soluble salts, like sodium chloride, form 
slightly solulrle double salts with the magnesium 
chloride and sul[)hate, and are therefore occasionally 
met with in deposits. Magnesium sulphate is very 
soluble in water, but, in presence of calcium chloride 
and carbonate, reacts with them, and thus eventually 
is found as magnesium hydrate in the crust. Calcium 
sulphate is, as already mentioned, the most olrjection- 
ablo constituent of waters for use in steam boilers, 
as it yields a hard, crystalline scale, which is exceed- 
ingly difficult to remove. When first deposited it 
is hydrated in the form of gypsum, CaHOt2IIaO, hut 
slowly changes into anhydrite, CaSO<, which is still 
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denser and more insoluble. At a temperature of 
150° C. (300° F.), calcium sulphate is nearly insoluble 
in either salt or fresh water, and is therefore almost 
completely deposited under such conditions. If the 
water be heated under pressure above this temperature 
before entering the boiler the salts are deposited out- 
side the boiler, but the difficulty is only transferred 
to the tubes of the heater, and Tilden has shown that 
the removal is imperfect. 

Waters impregnated with sewage often have a con- 
siderable quantity of oily or fatty substances, with 
soda salts and ammonia, present in them. The last- 
named acts upon copper, and any dissolved copper 
will be subsequently deposited upon the iron of the 
boiler and cause local corrosion, or “pitting,” by 
galvanic action. The scale under such circumstances 
often shows green spots, and such waters should be 
treated chemically before use. Moss or peaty waters 
are often valuable for boilers on account of their 
softness, and because the mud is easily blo^cn. But 
if they contain much of the organic humus acids, 
they must be neutralised with lime before using, or 
the action upon the iron will be considerable. 

Lefevre proved that the rapid pustular corrosion 
of steam-boilers used with some river waters was 
due to solid organic particles, which, by oxidation, 
developed pectic acid. He prevented this action with 
success by adding either alum or, better, ferric chloride, 
in quantities determined by experiment, follow'ed by 
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lime, to the feed-water. The purified water was easily 
decanted, and no longer acted on iron, and when ferric 
chloride was used deposited hardly any scale. In 
tidal rivers the proportion of admixed sea water is 
greatest at high tide, and as at low tide the water is 
generally too dirty for use in boilers, such a supply 
must be chosen with regard to these conditions. As 
a rule, however, the water of the lower part of a tidal 
river is quite unfit for use. Pit waters, especially 
from shale and coal, frequently contain acid sulphates 
of iron and alumina, which are most injurious to 
boiler-plates. Those that are not acid can be used with 
some advantage, as the coal-dust gives a scale which 
is much looser, and where such water is used on 
an old boiler it sometimes detaches the existing scale. 
Surface waters, on account of their hardness, are 
generally unfit for use in boilers. Some years ago, 
two 30h.p. boilers, supplied from a well in Lambeth, 
gave such a deposit that nearly a ton of incrustation 
had to be removed monthly by cleaning and chipping. 

An idea of the composition of boiler-crusts is given 
in the table (Table B, Appendix). Collet estimates 
the amount as follows : — Condensing engines, when 
large and of very high steam economy, require about 
two gallons per hour per indicated h.p. for boilers, 
and generally twice as much for condenser water ; 
small and inferior, but yet ‘ high class,’ three to five ; 
low class, in bad condition, six to fifteen gallons 
per hour. Three gallons is the average, equal to 
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3,000 galloriB <Iuy of ten IioiirH for 100 h.p. If 
tli(! water liaH lifU-en (higrecH of total liardnons, tho 
(lopoHit IKU- working day will weigli hIx and a lialf 
lK)undH, or ovor a ton per annum, of wliitdi llio largc^r 
2 )ortion will remain an Heale, eijnal to thirty-fivo euliie 
fe(!t of soft, or Hovontcam of hard Healo.” Tho order 
in which tho di;i»oHition UKtially takea places ia; — 
(1) Carhonalo of limo ; (2) Hulpliato of lime; (3 1 oxide 
of iron ; (4) ailica, alumina, and organii; matter, with 
magtioHium hydrate ; (r>) common Halt. 

ThoHO coatingH arts visry hail cisisdncttsrH of heat, 
llankino Htaten that tho rcHiHliUictt Os Insat of ciirlasiiatts 
of limo is oighttHsn t imt>H, and that of snlishaU* of limo 
fifteen times, that of iron. The constsfiiient wastts 
of heat in urging tho firo for steam-raising in a foul 
boiler is enormous. It is estimated that mm-sixth 
of an inch of scale ntsceHsitates tho uso of 16 por 
cent, more fuol ; tpiarter of an inch, fsO jsor ctsiit. ; 
and half an inch, IfsO iwr cent, additional coal. Those 
figures are jirohahly in excess of tlm trulli, hut the 
loss is still very hirgo. In adtiition to this, there 
is tho damage to the hoilor-platos hy ovorhoating, 
and a certainty of explosien If tho coating should 
crack suddenly, and tho water Iss atlmiJloil to the 
nearly red-hot iron. 'l*ho scalo evislently isrevenfs 
a proper internal examination of the hoib-r. (Shipping 
off the crust injures the Issiler, and may start tho rivets. 

“ Blowing off ” for a short time at fre«iUf nt intervals 
is always necessary, as only the d»!|si8il near the cocks 


SOFTENING OF WATER, 


229 


is bio’ll! out. The cocks themselves are often worn 
out by the friction with the scale. When the whole 
boiler has to be blown, it should be cooled first by the 
very gradual injection of cold water, or any loose 
deposit will cake together as the water runs off. The 
loss of time, heat, and water, in frequent blowing 
off is very great. In marine boilers using salt water 
the neglect to blow out is often the cause of collapsed 
furnace crowns, the density of the water gradually 
increasing until it reaches the saturation point, when 
solid sodium and magnesium chlorides separate on 
the plates, even though there may be a copious supply 
of water; then the same non-conduction and over- 
heating occur as in the case with lime deposits. For 
this reason, condenser water (which is the spent steam 
condensed and used again, amounting practically to 
distilled water, and therefore perfectly soft) is returned 
to the boiler to dilute the salt water. Approximately, 
one ton of water per 100 h.p. per twenty-four hours 
is required to make up the condenser water to the 
right amount. 

C. E. Stromeyer, at the Institute of Naval Architects 
(May, 1896), proposed to control the composition of 
water in boilers by chemical testing. At intervals a 
sample is withdrawn and tested by nitrate of silver, 
caustic soda, or carbonate of soda, to determine the 
salts it has acquired by concentration. The feed 
of condenser, distilled, or softened water is regulated 
in proportion. In all cases where condensed exhaust 
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steam is used as feed- water, the boiler should never 
be blown out without first using the scum-cocks freely, 
so as to remove as much as possible of the grease and 
scum. 

A large number of patents have been taken out 
for the prevention of boiler incrustations. Some of 
these are mechanical, introducing twigs, fibres, wires, 
chains, balls, or brushes to entangle the deposit, like 
the familiar marble in the kettle. One of the most 
modern, which appears to have a wonderful power 
of aggregating the sediment to itself, is in the form 
of a metal centre with radiating wires. Electricity 
has, of course, been invoked, the boiler being made 
the negative terminal, and suspended plates or chains 
the positive, in the hope that the hydrogen gas gene- 
rated by galvanic action would protect the boiler from 
oxidation, hinder a crust from forming, or render it 
loose and friable if deposited, but the result has not 
answered the expectations. Spent tan, peat, moss, 
wheat bran, potato-pulp, chestnuts, peas (patent 3,395, 
1883), and other solid materials acting mechanically, 
undoubtedly render the crust looser, but they clog 
the boiler, promote priming, and furnish so much 
more solid matter to remove. Treacle (patent 4,717, 
1877) and glycerine (patent 4,236, 1881) are worse 
than useless. 

Tallow and fat-oils are to be condemned, not only 
because they form greasy lime or magnesia soaps, 
which agglomerate into hard concretions, but because 
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3 heat they are decomposed into glycerine and 
acids, which are known to act vigorously upon 
)lates. The scale where tallow is used has been 
. to contain 12 to 26 per cent, of iron from 
plates. A sediment from a condensed steam 
where tallow was used as a lubricator con- 
d 60 per cent, of ferric oxide, 41 of fatty 
3r, and nearly 1 per cent, of copper oxide 
the fittings. This shows that the fatty acids, 
y with the steam, penetrate the cylinder and 
?s. In a great many cases considerable injury 
3een caused to a boiler by the presence of copper 
e feed- water. For these reasons cylinder oils 
used that consist mainly of mineral or hydro- 
Dn oils, not acid, and not decomposed by super- 
ed steam. The main part of the fatty matter 
h always accumulates in boilers fed partially by 
.enser water is drawn off at intervals by the 
i-cocks. 

irafidn oil, which is extensively used in America, 
;es the deposit to be thrown down in a pulverised 
1 by incrusting the particles with a very thin oily 
ing. Such a deposit is easily blown, while in a 
;ular manner the oil sinks into the scale already 
aed, and causes it to split up and be removed with 
lity. Indeed, it has been actually mentioned as 
rawback that it so thoroughly cleanses the joints 
t it sometimes causes a boiler to leak. Its use is 
uttended by priming or frothing. But its action is 
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only temporary, as it passes off with the steam and 
requires constant renewal. It should be free from 
solid paraffins, or hard scale,” or it will form con- 
cretions like tallow. It is recommended to be first 
introduced when the boiler is empty, to make an oily 
coating oyer the plates ; afterwards it is added with 
the water, sometimes by an automatic arrangement- 
In buying a crude product, a careful test should be made 
for acidity by shaking up with distilled water and test- 
ing the water with litmus paper, since some sulphuric 
acid is often left behind from the purification of the raw 
petroleum ; if any acid be found, the sample should be 
rejected, or the acid may be neutralised with soda. 

Soda-tar,” from paraffin refining, containing 
caustic soda and carbonate of soda, is a well-known 
anti-incrustator. 

Chemical incrustation-preventers have been numer- 
ously patented and advertised, and no doubt many of 
them yield a large profit to their manufacturers. The 
majority are, however, useless, and many injurious. 
Tannin, as contained in extracts of various barks, 
gives a loose and friable tannate of lime, but it 
attacks iron dangerously, and has no effect on the 
permanent hardness of waters. If tannate of soda 
be used, its virtue is little greater than the soda 
it contains, while its expense and the ease with 
which it decomposes are fatal defects. Any acid 
preparation designed to dissolve the scale will attack 
the iron of the boiler-plates also. Ammonium chloride 
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has also this objection, as by dissociation with the 
heated steam it generates ammonia gas and hydro- 
chloric acid, NH4CI = NII3 + HGl, both of which 
originate serious local mischief to metal parts, either 
iron, copper, or brass. 

Caustic soda and sodium carbonate are the most 
inoffensive members of the class, but if in excess they 
cause foaming and wet steam, especially in locomo- 
tives, and are apt to corrode the fittings, particularly 
asbestos packing. They are sold at very large profits 
to manufacturers, and are known under numerous 
fancy names. Sometimes they are coloured with litmus 
powder or aniline dyes. The scale from soda crystals 
is often very hard and difficult to remove. Borax and 
boric acid (3,721, 1878) have nothing to recommend 
them. The triple sodium phosphate, Na 3 P 04 , is said 
to have given good results ; the product, phosphate 
of lime and magnesia, has been proposed to be sold 
as manure. ‘‘ Baudot’s patent ” is sodium hypo- 
sulphite, glycerine, and rainwater. Sulphite of soda 

Morgan’s compound ”) has also been recommended, 
while in Germany barium chloride has been used 
to turn the calcium sulphate into the soluble calcium 
chloride, leaving a pulverulent precipitate of barium 
sulphate. 

A. Nieske {Wochenschr. /. Braiierei, 1895, 215) 
employed chromates as incrustation preventers, stat- 
ing that under the conditions of pressure in a boiler, 
calcium carbonate and sulphate are decomposed by 
a soluble chromate ^>0 form a light, non-adherent 
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sludge of calcium chromate, readily removed by 
blowing off, the plates remaining clean even after 
protracted working, and showing no corrosion. For 
this purpose the waste of chrome-dyeing has been 
used with success at Eochdale (Tat ton, Proc. Inst. 
Civ. Engineers, 1900, cxl., part 2). 

Sodium Fluoride . — Doremus gives the following 
prescription for preventing scale: ‘‘Determine the 
lime and magnesia in the water; multiply the CaO 
by and the MgO by 2. The sum gives the amount 
of sodium fluoride required to throw down the lime 
and magnesia. One-fourth of this quantity suffices, as 
the earthy fluorides do not adhere, and form nuclei for 
the other hardening salts to deposit. Sodium fluoride 
is now manufactured for the purpose at a reasonable 
rate by the American Fluoride Company, New York. 
Two ounces per 1,000 gallons is the average quantity 
added to the feed.’’ 

Any chemical reagent is better added outside the 
boiler before the water enters. Even if used in the 
feed-heater it chokes up the tubes, and requires con- 
tinual removal. In any case, an analysis of a com- 
pound, and of the water for which it is proposed to 
be used, should be obtained, and chemical advice 
sought, or heavy expense and injury to the boiler 
may ensue. Many large firms expend as much as 
£150 a year on incrustation-preventers, which amount 
would go a long way towards the cost of the far more 
preferable preliminary softening. 
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In works where large quantities of water are used, 
as the price charged for toAvn’s water is generally far 
above the cost of pumping, the saving through sinking 
a well, if a spring or river is not near, in large establish- 
ments often amounts to more than £1,000 a year. The 
water, if hard, must be previously softened. To show 
the importance of procuring analysis of the waters, 
we may mention that considerable changes in the 
composition sometimes occur owing to atmospheric 
conditions, to fresh strata being tapped, or to new 
factories being established on a stream. Clear water 
may be obtained at great cost from a well or other 
source, and may be unfit for use on account of its 
hardness, whereas turbid Avater from a neighbouring 
stream may, by simple filtration or deposition, furnish 
a suitable supply at a much cheaper rate. 

Methods for softening Water . — It has already been 
mentioned (p. 219) that temporary hardness can be 
removed by boiling, but this method is costly, and 
causes a loss of water. Boiling is said to cost not 
less than Is. per 1,000 gallons, while lime costs 
about a farthing. Professor Clark, about 1840, 
patented his well-known process of adding lime-water, 
so as to combine with the carbonic acid which kept 
the earthy carbonates in solution, with the result that 
both portions of carbonate of lime were precipitated. 

Calcium Slaked 
Bicarbonate. Lime. 

CaC08,C0.2-f Oa(OH)2=20aC08 4-H.A 
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Thus only the permanent hardness was left, plus about 
two grains per gallon of carbonate of lime in solution. 
The precipitate was allowed to deposit in reservoirs or 
tanks, and the clear water drawn off, but the area re- 
quired by these tanks was considerable, their sediment 
settled slowly, the finer particles were apt to remain sus- 
pended and render the watermilky, and the carbonic acid 
of the air also re-dissolved some of the earthy carbonates. 

The Porter-Clark modification mixes the lime with 
the water by paddles, and then passes it through 
filter presses of cloth, saving much time and space, 
and ensuring a clear product. The quicklime is 
preferably slaked first ; a good quality should be 
employed (Buxton lime is reputed the purest), as 
far as possible free from stones and clinkers- Good 
lime ought to contain at least 90 per cent, of free CaO. 
The best generally is stone lime” from limestone. 
Grey and shell lime from chalk often contains a large 
quantity of clay and stones. It should be almost 
entirely soluble in hydrochloric acid without much 
effervescence (which would show carbonate from under- 
burning or exposure to the air), and not more than 
4 or 5 per cent, should be insoluble in water. It 
should also give no smell of sulphur compounds, and 
should be kept away from air. Lime-water can be 
tested by blowing through it, when it should give a 
heavy cloud, or by nitrate of silver. Its strength is 
determined from time to time by sta: dard acid. 

In the softening process the undissolved lime is 



SOFTENING OF WATER. 


237 


allowed to settle : the clear lime-water, containing 
about sixty to seventy grains of CaO per gallon, 
being agitated with the water. After the deposition 
of the main part of the precipitate, the still turbid 
liquid passes on to the filters. The process is made 
continuous by running the lime solution into the 
water as it passes through a mixing chamber. To 
ascertain the proper proportions, the lime-cock is at 
first turned on until the lime is in excess, as shown 
by withdrawing a sample of the softened water, and 
testing it with nitrate of silver, when a grey-brown 
precipitate of silver hydroxide is obtained. The cock 
is now turned off until a sample shows no brown, but 
only a white precipitate: the proportions are now 
correct. Another test is a drop of phenolphthalein 
solution : excess of lime produces a red colour. An 
automatic arrangement, worked by steam or water, 
maintains the supply of lime-water at the right 
proportion to the flow of the water. Further tests 
must be made from time to time, as waters change 
somewhat in composition from day to day. 

An intermittent system without filtration consists 
of two lime-water tanks, in which the lime-water is 
prepared one day and used the next, and three soften- 
ing tanks, of which two are for use on alternate days, 
and the third is for reserve while cleaning out, &c. 
The lime is run into one of the softening tanks and 
the hard water pumped in ; next day the carbonate of 
lime has deposited, and the clear water is run off for 
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use. For a moderate-sized town requiring 250,000 
gallons a day, the two lime-water tanks should hold 

40.000 gallons each, and the three softening tanks 

300.000 gallons each, or a total of 980,000 gallons. 
The objections to this system are (1) the imperfect 

mixing of the solution with the hard water ; (2) the 
cost of construction of the tanks, and the large area 
of ground required ; (3) the heavy working expenses. 

Clark’s process removes only the temporary hardness. 
Lime does not affect calcium sulphate ,* with magnesium 
salts, it indeed precipitates magnesia, but it leaves lime 
salts instead, so does not reduce the permanent hard- 
ness ; although, under certain circumstances, it pre- 
cipitates the bicarbonate of magnesia. Waters perma- 
nently hard, therefore, require additional treatment 
with an alkaline mixture, which will vary in composition 
and amount according to the character of the water. 

Caustic Soda, or sodium hydrate, NaOH, of com- 
merce contains 50 to 70 per cent, of sodium oxide, 
Na20 (theoretical 77*5), with water and some carbonate, 
chloride, suljphate, thiosulphate and insoluble matter. 
Only the hydrate and carbonate are useful, and sul- 
phide must be absent. The 70 per cent, is generally 
used. As on opening it becomes moist and absorbs 
CO 2 , a whole drum should be dissolved in the proper 
quantity of water in an unpainted iron tank, kept well 
covered, and the solution siphoned off as wanted, the 
strength being determined by gravity or by standard acid . 
It can be prepared direct by boiling sodium carbonate 
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with its equivalent of lime and decanting from the 
carbonate of lime ; or lime and sodium carbonate are 
mixed together and dissolved in the water to be treated. 

Naj^COa + Ca(OH )2 = CaCOa + 2NaOB[, 

Sodittm Carbonate . — The ordinary crystals have the 
formula Na2C03,10H20, and contain only 37 per cent, 
of the anhydrous carbonate, with 63 per cent, of water 
of crystallisation. They are called '' soda crystals,” 
Scotch soda,” ‘‘washing soda,” or simply soda. 
Brunner, Mond & Co.’s concentrated crystal soda is a 
sesquicarbonate, containing 70 per cent, of Na2C03, in 
the form of small crystals readily soluble in water, and 
presents the great advantage of less weight and bulk, 
and therefore less freight than “ soda crystals.” The 
so-called “carbonate of soda” of the shops is bicar- 
bonate, NaHCOa, and is useless for softening. 

The use of these three agents, lime, soda, and 
sodium carbonate, is often wrongly and imperfectly 
stated, and the solutions added by guesswork, hence 
the frequent failures in attempts at commercial soften- 
ing. The total and permanent hardness of the water, 
and the strength of the reagents must first be known ; 
these require simple operations in volumetric analysis 
by soap-test and by standard acid solutions. If the 
water be fairly constant in composition, and a suffi- 
cient stock of the solutions be made, the determinations 
need not be frequently repeated. But the softened 
effluent must be occasionally tested with nitrate of 
silver, or by the taste, to see that there is no excess 
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of iho clHouioalH, an Huoh an omirronfa would lie 
irijuriouH for iiuiiiy i>urp(»HOB. It in ladtor in most 
cuHOB lud to carry tlui prccipilalioii to itg final limit, 
Imi to leave the Bofhuied water with about three to 
fivegraiiiH of hardncHH. BoineiimeB a |)nrtial Boftriiiing 
IB eanily and (dieaply effected, where to go further 
would he eoHily. The following are tlie er|UiitiotiH 
on which the cuiIculatioiiB are hitfied, taking caleiiirn 
Hulphate an the n'*|ireHf!ntaiiv« of permiiniuit, and 
calcium carhoimle of ittiuiiorary linrdiH^hB. 

(n) i eXiiHH. f 

Tlie reaciioiiB are ahiioai siniuliiineouB, tliui 

(r) 4 CftCOaC‘r>3 I -llKiiOH, ■ aCiiCO|-f Ni^HO^ I- IhO,. 

Tlie remainder of the iemporiiry liiirdneB8 will be 
removed in the untial way hy lime 

(ii) i 1 ifiO. 

The reHiilt may las unmiiiariBeil tliiin 

Bole L”/*hre ivutrr in tvhu'k thn tmqnmmf Imnh 
nrm luwcdn thn prrmtmrul , mmlh Mmlamtmi Im mhkd 
iqulmlftit tii the iwrmmtrni Imrtlnem^ ami lime eqiiimlani 
(q the Utmi'mrary lmrdn**m mimm l/ic penmmnt kmrfk 
nmM, 

In watnri of groat |a*rn'iiiiieiit liiirdne«s iiiii to 
lime Biilla, carhotiaie of aodii niuat be ttiud iiiiteafl of 
eauBlic 

(4 CttB 04 f K%COji - CMt>, -f. 

If it bo tieeoisary to retrsfi%’o ftlio thi 'tompraiy 
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hardness, lime must be added subsequently, as in 
equation (d) above. We should then have: — 

Rule II. — For a water in which the permanent hard- 
ness due to compounds of lime, exceeds the temporary 
hardness, carbonate of soda must first be added in 
proportion to the permanent hardness, and then, if 
necessai-y, lime cquiralent to the temporary hardness. 

Every degree of hardness, reckoned as carbonate 
of lime, whothor as grains per gallon, or as parts per 
100,000, is equivalent to 0‘8 grains, or parts, of NaOH, 
to 0‘56 of CaO or 0*74 of Ca(OH) 2 , to 1-06 of the 
anhydrous NaaCOg, or to 2'8G of the crystallised 
NaaC08,10ir20. 

For magnesian waters the case is different, and 
here it will be useful to correct a prevalent mis-state- 
ment. It is usually asserted that calcium and. 
maynesium bicarbonates are precipitated on boiling. 
But magnesium carbonate is much more soluble than 
is commonly supposed; it is only partially thrown 
down on boiling, the main part remaining in solution 
ns a 2 >art of the permanent hardness. On the other 
liand, magnesium chloride, if present in any consider- 
able amount, is liable to be decomposed by the boiling, 
hydrochloric acid escaping, and a basic chloride of 
magnesium depositing. This portion of the magnesium 
salts would therefore figure in the soap-test as tem- 
porary hardness. Magnesium chloride also reacts with 
the precipitated calcium carbonate, as mentioned in 
speaking of steam-boilers (p. 224), yielding dissolved 
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calcium chloride, and at first basic magnesium car- 
bonate, and then, finally, insoluble magneBium hjclratc. 
Magnesium sulphate can also interchange with socliiini 
chloride, forming sodium suliihato and magncBiuiii 
chloride, whicli then may undergo the abcrve cdianges, 
although the presence of alkaline chlorides, liy forming 
double salts, renders it more BfabUn 
Lime decomposoa magnesium sallH, ilinnving d«nvn 
magnesia, and leaving a sulphate, chloride, or nitrate 
of calcium as the case may be. In nedther case is 
the hardness reduccal ; in that of tlie Btilphait^ it 
is rendered still more ohjeetionahle. ^i1io chloriden 
and nitrates of calcium, however, give no fur in 
steam boilers, as they are so Bolulile. Waters with 
much chloride or nitrate of magneHinni are improved 
by lime for use in steam boilers, while tlnme cfiiiitaining 
magnesium sulphate are deteriorated ; Itni relation to 
soap is little changed. For an improveiiienl in tJiis 
direction caustic soda must be employcid, but ilici 
separation of the magnesium hydrate is never conijilete. 
The soap-test is not a safe guide to ilie sodii riirjuireil ; 
a chemical analysis must ho mack*, and eighty jiarts 
of NaOH used for every forty parts of JfgC), lliii liiim 
salts being dealt with, if necessary, liy thii citliur 
reagents, as above described. Thci iiroctims is more 
difficult, hut a consideralde im|>rovii!ii<:!iit iiiiiy Imi 
effected. The magnesium present as ciirlifiiiiilfi m 
almost entirely thrown down by linici. 

MgCOg + CatOH)^ CaCOg r 
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Davis (English patent 5 ,G 55 , 1887 ) used tri-sodium 
phosphate, Na3P04, especially for softening magnesian 
waters, under the name of ‘‘ Tripsa,” employing 2*5 
grains for every degree of hardness. Besides sodium 
fluoride (p. 234 ), Doremus has patented the use of a 
double phosi)hate and fluoride, Na3P04, NaP,12H30, 
in large crystals of definite com];)osition and permanent 
in air, whereas Na3P04 itself readily becomes damp 
and alters. The phosphatic precipitates have some 
value as manure. In waters which are not potable 
through the purgative action and bitter taste of 
magnesium salts, such as occur in the Permian and 
other formations (see Table D in Appendix), lime, by 
substituting calcium for magnesium, would probably 
in great part remove the objection, while in this 
case if soda were used, the sulphate of sodium 
formed would be little less objectionable than the 
sulphate of magnesium. Chloride of magnesium 
with soda » would of course form common salt. It 
must be understood that the use of soda some- 
what increases the total dissolved matter, as the 
corresponding soda salts are left in solution, there- 
fore the softened water, if used for too long a period 
in a boiler without washing out, will cause priming 
and finally a hard scale. Permanent hardness costs 
about nine times as much to remove as temporary 
(Archbutt). 

The calculation of the amount of reagents required 
will be simplified by the following scheme, which gives 
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the weight in grains of the reagents re<iuirod to bo 
added per gallon : — 

A.- WlIKN TKMl'OKMiy llAIU-NKHH T« MtHtlC THAN PKUMANE.NT 

A of tho l*onutUit‘nt HanlnoHHi-i- Hoda, NaOlf, iu grainH per 

gidimi. 

And (Ti'mpnrary Hardia'HH I f f^Hiirkliinn, C"aO, in grains 

I'orinanniji nardnoHf*) j I pt*r galkiii. 

Of j'?jjtj^(Toinx>nrary Hardminii miniin j | Siakod Idm«% La{C)H)s, 
IHmimmxt Hardin-HH) I I m gnunH pr*r gallon. 

IJ.._\Vin*;N I'KIIMANE.S'T HaUIiNEHH TEMI'MliAltY. 

of tiiol’miuuuiiit HardmmH Anhydroiifi »«'4nniicar- 

»» 

cEistriitial «.iryittalH»i:‘a 
iioda/* 

,, ;v;;; o ^I^|,ii.ry}italfi/' 

Tciiiitomry „ ; QtiifklinKi. (tiO. 

„ „ Blitkfd Cii(OH)». 

The amount U givtm an qiikkliiiiis not immumi it m 
aclilcid in that form, hut lioeauBO it in itiiHior to ciilciilaio 
tha utrongtli of Hmo and linici wator as LaO* 

0.— Ftiit UhUTimtm Wateiih. 

II of til© MgO fonnil l»y atmlyidn glvm tli« ^vidglii of 
QiiiEkliriia, CaO, rcfiulrt»l tm wifkiiiliig onu gallcM* 

Or 11, or twioo th« MgO Hoda, HaOlL 

Tlie lime salti can ho afkir wards trimtod, if noooisary, 
according to A or B ahoco. Wliori ii liiird mtpplj 
is rapliiccd hy a softonod water it is iiiways found 
that the olil sealo hogins to locwiiri iiiiil fall of?, 
sometimes causing the holler to Italic, Ai it m not 
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advisable to push the softening to its lowest limits, 
the above theoretical quantities of reagents should 
be reduced by from ^ to If an excess of lime is used 
the liquid is often opalescent and will not filter. 

By the softening process a water is rendered clear, 
its colour is usually diminished, and a large propor- 
tion of the organic matter, and sometimes all the 
bacteria, are entangled and removed. The palate soon 
becomes accustomed to the slight difference of taste. 

In the Sixth Eeport of the Eivers Commission, Sir 
E. Frankland urged that the water companies ought 
to use Clark’s process for softening their waters 
'' before they were allowed to raise fresh capital.” 

In the case of clean water, the lime precipitate 
produced by softening can be used for commercial 
purposes, or can be re-bmmed to quicklime, but in 
dirty waters it is very much discoloured, and is usually 
thrown away. 

Softening apparatus . — These are made in many 
distinct patterns, which aim at improving the process 
in different ways : — 

1. To economise space . — Several forms consist of 
divided iron tanks, with cisterns affixed above for 
the regulated supply of water and chemicals. The 
mixture passes down one side, partially settles, and 
passes upwards on the other through filters of various 
construction, the cleared and softened water emerging 
through a pipe at the top. Some types are designed 
on a small scale for softening a domestic supply. The 
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softoning solutions arc generally soda, or carbonate 
of soda ; the powders contain litno, and arc often sold 
at a largo profit. 

Many of tho-so contrivanc(!H aro cxcjaidingly in- 
genious, but also particularly liable to get out of 
order. The regulating, and withdrawal of sludge, are 
delicate opcirations, an<l on the wliohs, exc(ipt in remote 
neighbourhoods, where Jio other course is possible, 
private softening on a sriiall scale by a niachino can- 
not 1)0 recommended. It w'ould probjibly be better to 
have a largo iron cisfern of known ciipacify, to add 
the chemicals definitely in known strength, to stir 
thoroughly, allow to subside, and dip out or siphon 
off the clear water as wanted. 

In kitchen boilers, Iiowover, the use of a hard water 
occasions continual trouble and cxiJense, ami great 
danger of explosion. If rainwater apparatus cannot 
he obtained, or a softer local 8upi)ly, somo form of 
automatic softener will l)eeoino necessary. 

2. To inmtre the proper jtroportionH and mixinp of 
the reognite . — -At tlie locomotive Bho<ls of the London 
and North-Western Railway, at Camden Town, T.tKK) 
gallons per hour of chalk well-water from Watford is 
continuously reduced from seventeen or eightetui (legrees 
of hardness to four degrees, under a pressure of sixty 
pounds per inch (Porter-Clark process). The lime is 
churned in a horizontal cylinder, all the mixing and 
delivery being accomplished by a water-motor workwl 
by the pressure of the water itself, therefore ad j listing its 
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rate of supply to the current of water. Filter presses 
separate the sediment. 

The Porter-Clark process is specially adapted for 
waters of high temporary hardness, like those of 
London. At Dancan’s sugar refinery, Victoria Docks, it 
was found that the pipes were becoming rapidly choked 
by carbonate of lime, owing to the removal of car- 
bonic acid by the vacuum in the sugar evaporation. 
Hence that process was adopted, and worked success- 
fully. They found that if the proportion of lime was 
too little there was great difiSLculty in filtration, but by 
arranging the lime valve so as always to have a slight 
excess, the difficulty was removed ; the filtration was 
also much easier if the water was warmed (the deposit 
becomes crystalline). The slight excess of lime in the 
boilers did not cause any trouble. The water lost its 
yellow colour and became blue.’* 

The following illustrations show different forms of 
the plant used for working the Porter-Clark process : — ■ 

Fig. 40 is an apparatus that treats continuously 
1,200 gallons per hour. The square tank bn the 
right contains the lime water, which is transferred to 
the central softening cylinder by a small feed-pump. 
On the left is the filter press. 

A smaller apparatus for softening and filtering 
350 gallons per twelve hours, and working under 
pressure from the main without any motive power, 
is shown in Fig. 41. The softened water passes 
upwards to the cisterns of the house. 
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"Where motive power in not available, a nioiliiieatioii 
is used called the InduBtrial purifier. A pair of 
upper tanks contain lime water and otlH*r BolutioiiB 
for working twenty - four hours daily. The hfircl 
water and tlic solutiouH are iiitrodueed at thi! holtian 
of the lower tank, and the mixing is completi'cl by 



Fig, 40.--Portor-CIark Wator-«c»ftonlriR arifl Filtering Fliiiit 
{ 1 ,200 gallons pt*r hour} . 

causing the licpiid to issue in a very lliiii streniii civi«r 
the edge of a trough fixcal internally rcfiiiid lliii tup cif 
the lower vessel. The materials linvci to bo (*iirrird 
up, and there is a correBponding iiiecirivifiiiciieii mid 
loss of time as compared with worldiig mhli fi riiolor 
on the ground level 
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't-2 a roctmt appuratuH Ititcndwl to nulucc. 
the cofit of doanHiiifj: lh(! liltorH daily. The loiiftor 
tank coiiHintH of a niixinj' c'hambwr and a liltoriiij' 
eompartmeiit. I'hc water paHWH through a Horum of 


Fi#i, 4L— Forfctr^CIftrk Wiiittr-Hfifttming and Filtering Planfc 
(ilM) galkiim |M^r lioiirH). 


filtarinii mats and clntlin into perforalcnl 
and tlien into a main piiKi eonnacted with ii Btietion- 


piiiiip 

^raigneii nseH a powder called Anti-ealaaire/^ of 
lima, eiirbonate of Boda or caustic soda, and alum; 


the latter on dissolving gives aliiminato of soda, whicli 
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aids in the precipitation and clarifying. The powder 
is contained in a vessel over the cistern (Fig. 43), and 
its delivery is regulated by a kind of water-wheel 
worked by the incoming stream of water ; the wheel 
also aids in the mixing; the resulting mixture is 
cleared by a filtering bed placed in a second compart- 
ment of the cistern. A constant supply of water 
is required, and the results are generally good, 
Maignen, and also Archbutt (J. Soc. Chern, Incl.y 1891, 
519) state that the chemicals give practically the same 
result whether added together or separately. 

I may here note that the soap test, with experience, 
gives rapid and useful results if (1) the sample is diluted 
with distilled water till the 100 c.c. taken have about 
10 degrees of hardness : (2) at the end the titration is 
overdone to see that a strong lather is obtained, thus 
avoiding the mistake often caused by the ‘‘pseudo- 
point ’’ of magnesia. But Hehner’s method is now 
widely preferred. The alkalinity of 500 cc. of the 
water is determined by standard acid and methyl 
orange, and recorded as temporary hardness in 
terms of CaCOa. The remaining lime and magnesia 
are now precipitated by boiling 250 cc. with a known 
volume of decinormal sodium carbonate, filtering and 
titrating with acid. The sodium carbonate consumed 
gives the permanent hardness. In important cases 
a mineral analysis is made ; the CaO and MgO 
calculated to CaCOg give the total, and the COg 
gives the temporary hardness. For softening, if 
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lime equivalent to the 
total, and sodium car- 
bonate to the permanent, 
hardness be used, more 
precipitate has to be re- 
moved than with soda 
and lime (p. 240). 

3. To remove the 
2:ir edentate raindly and 
comidetehj . — Settling re- 
servoirs being slow in 
action and occupying 
much space, many other 
devices have been tried. 

The Archbutt-Deeley 
process, as carried out 
at the Midland Eailway 
Works, Derby, employs 
two tanks side by side. 
In one the water is mixed 
with lime, soda, and 
sometimes sulphate of 
alumina, in proq)ortions 
determined by analysis. 
The solutions are in- 
jected through a rose by 
means of a steam blower. 
Since the particles of an 
old lime precipitate form 




Fig. 42.— Porter- Clark Water-softening and Filtering Plant. 
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nuclei, round which the new deposit aggregates, 
they are left in the tank to jpi^omote the separation. 
By means of a three-way cock, a blower injects air 
in bubbles through perforated pipes at the bottom 
of the tank, stirring up the old precipitate and mi?:ing 
the two. The settling then takes place rapidly, 
the water, practically clear, is run off in from half-an- 
hour to an hour into the second tank. Magnesian 
waters are apt to deposit hydrate or carbonate of 
magnesia in the cocks and tubes. To prevent this, 
the water is re-carbonated after the process by forcing 
in carbonic acid gas generated by a small coke stove. 
The method seems in great favour with brewers and 
steam users. 

Atkins’s process, as carried out at Southampton 
waterworks, is mainly distinguished by the form of 
filter used to finally clean the softened water after 
settling. The filtering medium consists of an endless 
band of cotton cloth travelling slowly. It first passes 
round a perforated horizontal revolving cylinder with 
a hollow axle, immersed for nearly its whole depth in 
a cistern containing the liquid to be clarified, so that 
the water filters inwards, leaving the deposit on the 
outside of the filter cloth. 

More or less of a vacuum is maintained in the 
cylinder by pumps or by a fall in the outlet pipe, so 
as to aid the filtration by the pressure of the air. The 
cleared water passes out through the hollow axle. The 
cloth as it emerges is passed through a second part of 



Fjg. 44. — Atkins's Water Softener and Filler. 



tlie machine, Avhere 
it is rinsed, hoiled, 
steamed, and re- 
turned overhead by 
a series of rollers to 
the filtering tank. 
By this ingenious 
arrangement, the 
filtration and clean- 
ing is made con- 
tinuous, and it is 
claimed that a ma- 
chine will soften 
2,000,000 gallons 
per diem, at a cost 
of one farthing i3er 
1,000 gallons (Fig. 
44). 

The Stanhope 
Tower’’ (Pig. 45) 
has a series of 
sloping perforated 
shelves through 
which the Avater, 
mixed with lime 
and soda, ascends. 
In one form these 
take the shape of 
a series of funnels. 
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on which the precipitate collects and slides do-wn 
through a central tube to the base of the tower below, 
where the water enters. The deposit is drawn off by 
a sludge cock. The original form was patented by 
Gaillet and Huet. The towers are made rectangular 
or cylindrical, in various sizes, and are constructed 
to soften from 500 to 5,000 gallons per hour, “at a 
cost of one halfpenny per 1,000 gallons.” 

Wright’s Patent Heater Condenser Company manu- 
facture a form of apparatus (Pig. 46) in which the water 
is softened under pressure. This is said to be more 
applicable in cases of towns’ supply, largo institutions, 
or mansions, where the water has to be delivered at 
some distance from the softener, or where the tank 
is a considerable height above the outlet. A small 
reagent pump for the lime, or lime and soda, is fitted to 
the main pumps, so that every time they make a stroke 
the reagent pump makes one also. The incoming 
water passes over a small water-wheel working the 
lime-mixer. The deposition takes place on inclined 
plates. The filters, of charcoal, or of cloth if the 
water contains grease or matters that carbon will not 
arrest, are designed to work under a pressure of 
eighty pounds to the square inch. They are cleaned 
by reversing the current. The usual cost of chemicals 
is stated to be about liZ, per 1,000 gallons. 

Another form of the apparatus specially intended 
for boilers combines a heater with the above pressure- 
softener (Fig. 47). It removes both temporary and 
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Fig. 46. — Wright’s Softener and Filter under pressure. 

raises the temperature to 210® F. before entering the 
boiler. 


w.p. 


8 
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As to the economy of softening there can be no 
doubt. It is estimated that ''a farthing’s worth of 
lime saves about 305. worth of soap.” On the small 



Fig. 47. — Wright’s Combined Softener and Heater. 

scale this would be about Id. per 1,000 gallons under 
favourable conditions. Frankland considered that a 
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town supply could be softened for per 1,000,000 
gallons. 

Some analyses by the author, given in a report 
by Mr. Aldwinkle, the architect to the Metropolitan 
Asylums Board, February 6th, 1896, show the prac- 
tical results obtained by some of these processes ; — 


Hardnesses in grains per gallon 
after softening. 


ProfiCBS. 

Plano. 

Total. 

Tnmpy. l^ormt. 

1. rorfcer-Glark 

. . Brookvvood Asylum 

.. 3-1 

0*7 

2*4 

2. IHfcfeo 

.. Nortli London liail- 
•way Works, Bow 

.. 11-8 

2-45 

8*B5 

S. Aticins-Clark 

.. Lamlioth Workhontio 

. . 6*35 

5*7 

0*05 

4. Ditto 

. . Darontli Afiylimi 

.. 8*3 

G-15 

2-15 

5. Acchbutt-Dcclciy ItTcMurray’B Daper- 
iriillH, WandHWorfch 

.. G*2 

2-4 

8*8 


This table shows, as has been already explained, 
tliat lime effecis almost a complete softening of a 
water like No. 1, which owes its hardness to calcium 
bicarbonate ; wheroas with No. 2, a magnesian water 
(til is water had tlie original composition, tfjtal hard- 
ness, IG’4 ; permanent hardness, 10*8), little improve- 
ment is effected. 

The same report gives interesting information as to 
the cost of the three processes, as applied to the 
special conditions at tlio Brook nos[)ital. 

Hard waters, as a rule, are furnished by Ibo follow- 
ing formations : Calcareous strata of Silurian, 
Devonian, and Coal Measures, Mountain Limestone, 
Lias, Oolites, Upper Greensand, Chalk. 

80 ft waters, by Igneous, Metamorphic, non-caU 
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careous Cambrian, Silurian, Devonian, ami Coal 
Measures, Lower Greonsand, London and Oxford Clay, 
BagshotBeds (hardness one to nine, avorago four), and 
non-calcarcous gravel. Water from Gault Clay varies 
very much: some of it is soft and pure, sumo “of 
fair quality,” hardness nine to cloven dogrcoa; in Bed- 
fordshire it often contains much lime atid irftu, derived 
from pyrites and coprolitcs. Lower Greonsand and 
shale waters are frequently very ochreoiis. Water 
from Oxford and Kimmeridgo Clays conlains much 
vegetable matter, and is sometimes Intuminons ; other 
clays often include much sulphate of linin, and give 
waters of high permanent hardness. 1’ho New Bed 
Sandstone waters aro generally briny and qiiitii unfit 
for drinking, bosidos containing niiirdi sulphato of 
lime and magnesian salts. Magnesian limestone also 
yields usually a bad supply. The wafer in jtnrous 
strata below tiie central porlions ctf clay latKiuH is 
usually bad, coiitniiiing much alkaline chloride and 
sulphato, and also sodium carhnnate, due lo the ruin 
having percolated laterally through a largo body of 
soil before reaching the spot, and having dissolved 
and accumulated the soluhio conKiiliiculs: from tho 
presence of alkaline earlsmato tho limn is goneraily 
low, and tlioro is often little organic mat tor. 

A detailed doscrijdionof the slrala in their relation 
to waters will bo found in tbo Appi ndix. 


CirAPTEE XL 

ANALYSIS AND INTERPRETATION OF RESULTS. 


The results of a bacteriological or chemical analysis 
of a sample of water are necessarily expressed 
numerically and in a technical way. It is possible, 
however, without discussing the details of the various 
processes used by chemists and bacteriologists, to 
understand the figures and the deductions which may 
be drawn from them. The minute proportions in 
which some of the most significant impurities exist 
in drinking waters render the analysis exceedingly 
difficult and delicate. The difference between a pure 
and an impure water may only be indicated by frac- 
tions in 100,000; and the problem is further com- 
plicated by the fact that, as animal and vegetable 
substances contain practically the same elements, it 
is often difficult for the chemist to decide whether the 
jxillution is of animal or vegetable origin. As the 
quantities are so small, it is very rarely that their 
exact nature can be ascertained, so that usually the 
decomposition products only are determined. There 
is hardly any tost sufficiently delicate to indicate 
witli certainly whether an organic impurity in a 
natural water be poisonous or innocuous. On the 
other hand, the information furnished by an analysis 
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gives valuable suggestions as to the quality of a water, 
especially if its source be known and the data of its 
normal composition have been previously ascertained. 

The results of an analysis are still commonly 
expressed in grains per gallon of water, i.e., in parts 
per 70,000. The method of stating the results in 
parts per 100,000 is, however, far preferable, inasmuch 
as being fomided on a decimal system, they are at 
once comparable with analyses made in other 
countries. Continental results are sometimes stated 
in grammes per litre (parts per 1,000), whilst occa- 
sionally parts per 1,000,000 (milligrammes per litre) , 
have been adopted. Eesults expressed as grains 
per gallon can be converted into parts per 100,000 
by dividing by seven and multiplying by ten, whilst 
multiplying by seven and dividing by ton converts 
parts per 100,000 into grains per gallon. A Com- 
mittee of the British Association recommended that 
all water analysis results should be expressed in parts 
per 100,000, and many authorities have since adopted 
that plan, which is the one used in this book. 

Samples of water for analysis should be taken in 
the stoppered half-gallon bottles known as “ Win- 
chester quarts,” which are obtainable at most 
chemists. They should be free from any adhering 
dirt and washed out with concentrated sul[)huric acid 
when purchased, then filled up with common water 
and rinsed several times, finally with distilled W'ater. 

In collecting the sample the precautions mentioned 
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on p. 27 should be observed. The bottle should 
1)0 filled to the top with the water, then rinsed out 
with it, filled, and the stopper rinsed and inserted. 
Except when the gases dissolved in the water are 
to bo examined, it is best to leave a small air space 
below the stopper. If possible the temperature of 
the water should be observed 
at the time of collecting the 
sample. Any surrounding cir- 
cumstances — distance of dwell- 
ing, &c,, nature of soil, depth 
of well, presence of plants, &c., 

— Hhould 1)0 noted. After the 
sample is collected it should 
be despatched as quickly as 
possible to the analyst, as many 
waters change very considerably 
on keeping. 

Samples required for bacteriological examination 
should bo separately taken in sterilised bottles, about 
two ounce i in capacity, and immediately packed in ice 
(Fig. 4B) and forwarded for examination. For an 
ordinary chemical analysis one Winchester quart of 
the water is sulfieiont, but when a mineral analysis 
is required two or three times this amount will bo 



Fig. 48. — Ice Oaso for 
Bactoriological Samples. 


found necessary. 

The interpretation of results of analysis is often a 
nuitter of considenihlo difficulty, as the analyst judges 
of the purity or otherwise of a water upon all the 
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factors presented to him, and not on any single 
constituent. Some authorities insist upon with- 
holding from the analyst particulars as to the source 
and possible contaminating influences of a water 
sent for analysis, thinking that by so doing his 
opinion will not be biassed in any way. Such pro- 
cedure is, however, most undesirable, as it must 
obviously be to the interest of the senders to arrive 
at the truth, and any circumstances which may give 
rise to suspicion may be very helpful to the analyst 
as explaining some of the figures which he may obtain, 
which otherwise he might consider not sufiiciontly 
condemnatory to warrant his pronouncing against the 
supply. 

The deductions to be drawn from the general 
appearance, colour, and odour of a water have already 
been mentioned in Chapter I. 

Tlie total solids are obtained by carefully evaporat- 
ing a measured volume of the water, drying the 
residue at 120° C., and weighing it. The solids in a 
good drinking water should not amount to more than 
thirty or forty parts per 100,000, and should be white 
and crystalline, or finely granular, and not coloured in 
any way. Frequently a water sample contains matktr 
in suspension, and it becomes a question whether the 
suspended matter should be included in the total 
solids or separately recorded. As a water sample is 
taken usually by inexperienced persons, it is oxe(«!d- 
ingly unlikely that the suspended matter collected in 
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a "Winchester quart represents fairly the average 
amount of matter in suspension in the water, so that, 
in most cases, the analyst prefers to separately 
estimate this amount. The total solids are therefore 
determined upon a sample of the water taken from 
the bottle after it has been allowed to stand for some 
time, when the grosser particles will have subsided 
to the^bottom of the bottle. 

The loss on ignition represents the amount of loss 
which the total solids undergo when the dish con- 
taining them is heated to low redness. If there is much 
organic matter present the solids blacken under this 
treatment, and if this organic matter is of animal 
origin an odour of burnt feathers, indicating the 
presence of much nitrogenous matter, is noticed. 
The ash may be coloured brown if iron is present 
in the water, but is usually white, and consists of the 
mineral salts present. Many mineral salts, e.g., 
magnesium chloride, lose acid on being heated in 
this way, so that the loss on ignition is not an 
absolute measure of the amount of organic matter 
present in a water. To overcome this difficulty some 
analysts add a known amount of sodium carbonate to 
the solid residue before igniting, in order to fix any 
such acids which might otherwise be evolved. 

The total amount of chlorine as chlorides is very 
important and is determined volumetrically by a 
standard silver solution. The result is returned as 
chlorine, sometimes also as sodium chloride. It must 


266 


WATER PURIFICATION^. 


not be forgotten, however, that waters naturaliy contain 
other chlorides, as those of calcium, inagncBiuni, and 
potassium, so that the calculation into sodium chloride 
is only for convenience. A high chlorine, however, 
usually raises a suspicion of contamination with sewage, 
as urine contains about 1 per cent, of sodium cldoride. 
About 1'5 to 3*0 parts of chlorine per 100,000 is a 
normal amount ; but in districts where tliero are salt 
deposits, as in Cheshire, or in wells in the New 
Red Sandstone or in proximity to the sea, the water 
may normally contain a liiglier amount without 
indicating sewage pollution. In the United States the 
influence of the sea on land water has been carefully 
studied, and Dr. Drown, in his reports to the 
Massachusetts State Board of Health, has Bhown that 
it is possible to map out the State by linoB whicdi an* 
practically parallel to the coast line, in which the 
ground water shows equal amounts of chloritio. Biudi 
lines he terms ‘‘ isochlors,'* and in his hands tliey 
have proved of considerable value, as any oxccbb of 
chlorine found in any well water above the natural 
'' isochlor ’’ shows at once local contarninatiem. 

The amount of chlorine found in a water can hci 
converted into its equivalent amount of sodiinri 
chloride, NaCl, by multiplying by the factor 
Although chlorine as chlorides thus gives a moasiirii 
of the amount of sewage pollution that the \¥ater hm 
received, it does not give any information as to when 
such pollution took place, since, by filtration and 
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oxidation, the organic matter of the sewage and the 
pathogenic organiHiuH formerly present may have long 
since been entirely removed from the water. 

By the term oxyrjen consumed by the organic matter 
in a water is meant the reduction which an acidified 
solution of permanganate of potassium undergoes 
when brought into contact with a known volume of 
the water. This tost is conducted in various ways, 
and different analysts use solutions of permanganate 
of different strengths, and allow it to act on the water 
under various conditions of time and temperature. 
The red colour of the solution is gradually destroyed, 
very i>oIlutcd waters removing the colour almost 
instantaneously. By using a solution of per- 
manganate of ascertained strength, the amount of 
reduction is dotorminod by adding excess of potassium 
iodide, and titrating with a standard solution of 
thiosulphate. The method most commonly followed 
in this country is to determine the amount of oxygen 
consumed at 80'^ F. in two stages : — 

1. In f^een minutes : this figure includes the 
nitrites and any ferrous salts, sulphides, and any 
very easily reduced organic matter. 

2. In four hours : after this time the whole of the 
organic matter will have been oxidised from most 
waters, but with very bad waters a longer time is 
still re(j[uired to finish the oxidation. In Germany it 
is customary to boil the water with the acidified 
permanganate for one hour ; whilst the author is in 
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the habit of keeping the water and permanganate for 
three hours in a stoppered bottle at a teinporaturo 
a little short of boiling, so as to get a maximum 
amount of reduction. 

Attempts have been made to calculate the relation 
between the amount of oxygen required and the 
amount of carbon present in tho water as found })y 
combustion, but no dclinito relation sectms to exist, 
since the factor varies with waters of different chai-ae- 
teristics. Whore, however, consecutive (hitorniinutioiiH 
have to be made on the same supply, tho oxyge-n 
absorbed approximately represents tho carhonaceoiiH 
matter, and varies, like the albuminoid amnionia and 
the chlorides, with tbe fluctuations of tho seasons, so 
that any abnormal deviation at once points to some 
new source of pollution. 

The condition in which the nitrw/eii derived from 
animal organic matter exists in a water is one of the 
chief points which a full chemical analysis (letonniiins. 
A water contaminated with sewage will contain u 
definite amount of chlorides and nearly all nitro- 
genous matter with which such chlorides were 
originally associated. If, after pollution, tho wnler 
has been under the influence of bacteriological action, 
the nitrogen may have been converted into oxidiseil 
forms; and, therefore, in most cases a water contains 
nitrogen in the several forms of organic coinpoumlH, 
ammonia, nitrites, and nitrates. Fresh sowago is 
practically free from nitrates, whilst a deep well, or 
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woll-oxidiaed river water, contains the nitrogen almost 
entirely in tlio form of nitrate. The ratio of the 
oxidiso-d to unoxidised nitrogen in a water, therefore, 
gives a measure of the amount of purification which 
has talcen place, and the total nitrogen of all kinds the 
al)Sf)luto amount of pollution which the water has 
KUHtainc<l. Under certain conditions, however, some 
of the nitrogenous comiiounds are so comifietely 
diistroyod by bacterial agontdos that nitrogen gas and 
the lo\V{.‘r oxid<!S of nitrogen are evolved, and a loss of 
total nitrogtm is therefore caused. When the quan- 
tities of nitrogen in a water are compared with the 
amount of chlorine, it is found that the chlorine is 
largely in oxcoss, although in urine the amount of 
nitrogen is slightly gi'oater than the amount of 
chlorine. This difference between theory and the 
amount found is partially due to the absorption of 
nitrates by plants, and only in raw sewage do we find 
that the amount of nitrogen at all approaches the 
amount of clilorine. 

The term allnminoid ammonia is given to the 
quantity of ammonia which can be obtained from a 
water after the removal of the saline, or free ammonia, 
when such water is boiled with an alkaline solution 
of permanganate. The process was first devised by 
Wanklyri and Chapman, who showed that, although 
the total organic nitrogen was not obtained in this 
way in the form of ammonia, all polluted waters gave 
off a fraction of the nitrogen in this form, so that 
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the relative amounts of albuminoid ammonia fairly 
represent the amounts of unoxidised organic or 
polluting matter actually present. Before determining 
the albuminoid ammonia, it is necessary to remove 
the free ammonia, so that a determination of the 
amount of free ammonia is first made. 

Free ammonia and albuminoid ammonia . — For this 
determination about half a litre of the water, made 
alkaline with carbonate of soda, is distilled until the 
free ammonia has passed over, and the amount 
estimated by the brown colour given by NeKsler’s 
reagent. To the remainder in the retort a solution of 
potash and potassium permanganate is added, and the 
distillation continued until the “ albuminoid ammonia ’’ 
has all come over; the amount is estimatod by 
means of Nessler’s solution, as in the case of the free 
ammonia. A largo quantity of free ammonia is 
generally indicative of recent sewage contamination, 
as it is frequently formed directly from urea by 
bacteria. Vegetable matter gives rise to little or no 
ammonia on decomposition. 

As already mentioned, the albuminoid ammonia is 
only a relative quantity, and does not give the al wolutn 
amount of organic nitrogen present in a water. In 
many of the recorded cases of water-borne typhoid the 
amount of albuminoid ammonia found in the watfsr was 
so extremely small that the supplies would seem from 
the chemical analysis alone to be of high organic purity. 
It has been shown that Bacillus typhosus actually 
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flourishes better in a water which is pure and free from 
other matter which has undergone nitrification (p. 53). 
In an inoculated water Pearmain and Moor foimd 
1 no less than 900,000 bacteria per cubic centi- 

metre, but the amount of pollution produced by 
r adding the broth culture to the water was so small 

as not to appreciably raise the amount of albuminoid 
ammonia. 

Nitrites are usually looked for qualitatively by 
' colour reactions, and are returned as strong or slight, 

according to the intensity of the colour produced, 
i They are generally regarded as a bad sign when 

I present to any appreciable extent, as they either 

I indicate that the organic matter is only then under- 

^ going oxidation, and is therefore recent in character, 

or point to a reduction of nitrates present in the 
water by reducing organisms and fresh contamination 
with organic matter. In this way a river water 
containing a large quantity of nitrates may suddenly 
‘lose them owing to admixture with fresh sewage, but 
: the change is usually detected by the simultaneous 

; production of nitrites. The presence of nitrites, 

therefore, indicates temporary or unstable conditions 
of the nitrogen contents of the water, and points 
either to incomplete nitrification of the ammonia, or 
; to a reduction of the nitrates previously present. 

> Nitrates are present in rainwater to a very slight 

, extent, and are derived from the air, being produced 

f probably by the direct combination of atmospheric 


i 
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oxygon and nitrogon during thundorstorms. Mainly, 
however, they are the product of nitrifying organisms. 
Dr. E. EranMand’s original description of nitrates as 
previous sewage contamination * is thus to a great 
extent justified, as moorland waters and those con- 
taining vegetable debvis are almost free from nitrates. 
In deep well-waters from the chalk the nitrates are 
often high; here the water, originally derived from 
the surface, has passed through a perfect natural 
nitrification and filtration. But nitrification may 
take place in a polluted water so rapidly that nitrates 
may accumulate after transit through a layer of soil 
quite inadequate to remove the germs of either typhoid 
or cholera. Therefore a water which contains over 
0*5 or 0*6 parts of nitrogen, as nitrates or nitrites, 
in 100,000 may be certified as dangerous, even if for 
the time the free and albuminoid ammonia are not 
excessive, especially if the chlorides are also present 
in undue proportion. The results of nitrate and 
nitrite determinations are usually recorded as ‘‘oxidised 
nitrogen.” 

The results obtained as above, with a microscopical 
examination, constitute in most cases sufficient data 
for an opinion on the quality of a drinking water. 
But as germs of disease are so excessively minute 
that they may be actually present, and yet give 
no weighable or measurable quantities to chemical 
analysis, the latter alone can never certify that a 
water is perfectly safe. A chemical analysis, however, 
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gives valuable information, and for the following 
reasons should never be omitted : — 

1. Changes in the chemical composition of a water 
reveal the presence of active bacteria. 

2. When pathogenic organisms are present in small 
numbers, their detection by bacteriological methods is 
exceedingly doubtful. 

8. Bacteria do not thrive without nitrogenous food, 
which is at once detected by analysis. 

4. Their entrance into a water supply is almost 
always accompanied by sewage products, which reveal 
themselves to the chemical examination, and in cases 
of doubt the chemical analysis should always be sup- 
plemented by a bacteriological test. 

For domestic and industrial purposes the hardness 
of water is an important item. It also gives an 
insight into the mineral composition of the total 
solids,” whether the water contains much lime or 
magnesia, and whether they are present as carbonates 
(temporary), or as sulphates, chlorides, or nitrates 
(permanent hardness). The chlorine and nitrates 
(‘' oxidised nitrogen”) will have been already 
determined ; the sulphates can be tested for by com- 
parison with a water of known composition, e.g.» the 
tap water of the place. If the total hardness be 
deducted from the total solids, we have approximately 
the amount of sodium and potassium salts, which in 
some samples are a leading feature, and when 
excessive render the water laxative, of a bad taste. 
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iind unfit for drinking (see Table A in Ap] 
T}i« |»r«Kfnco of potassium is significant : 
piriouH cawH. Urine contains sodium salt£ 
yji'M mainly jwtassium compounds ; hence th 
in largo (jnaiitity ijoint to pollution by solid 
I'hmpimric timl, an a rule, is practically abse 
waUrrH, though traces occur where the str 
tain ciiprnliUm. As phosphates are a chars 
uigrrihunt of both urine and faces, “heavy 
caml. nm a water ; “ traces ” are suspicious. L 
eflInwitH which have been treated with al 
hi»H«, iihosphates are iiBimlly absent, havi 
pru-ipilated as the insoluble phosphate of 
They may Kornetiiaes also be low in sewage 
and ttmhmbletily polluted waters, if aq[uat 
liftVo had time to remove them in their growt 
OrtFtnic carbon and nitrogen, or combustio 
iFraiikiand and Armstrong). — The water is e’s 
with certain precautions to remove the nitr 
lliii r« siduo burnt with oxide of copper. Th 
rnm«ii»t» of carbonic acid and nitrogen, v 
iiimsnrod, and the former calculated into 
carbon," tlio latter into “organic nitroge: 
ndalion between them reveals whether the 
naticin w of animal or vegetable nature, sin 
inallttr liM, as a rule, a greater percentage ol 
rnfwrtunaUdy, the process is liable to nonierc 
lh« chief of which are : — 

t. During the prolonged evaporation ( 


analysis and its Hf-srt fs. ^1* 

twenty-four hours), destruotiou ol iho orgwiio » 

and loss of volatile corapcundH o«a;ur. 

2. Ammonia or dust may bo abw.rbwl fr-.m tb- 

atmosphere. 

3. The nitrates, especially if hiMb. »»'« 
completely destroyed. Any romaitKlcr wonbi 
as “ organic nitrogen.” 

4. Uncertainty as to how muuli amm<itiia ia ii i.iun 4 
by the acid. 

5. Introduction of nitrogen from Uie t’op|«T ..ud.* 
during the combustion, of occluded liydrr»ge« from th.. 
metallic copper, and thoneo Iho forniulion «»} r 
monoxide, either of which, if not tosti «l for, would 
returned as nitrogen. 

6. Leakage of air into tlio pumpn, Ac. 

7. The fallacy of deducting tin) iimmml «•! f!«»» 

(COa and JN) obtained in a “ blank " ii» « 

correction for air-leakago, impurity of r»iig*-nt«, A**,, 
since this is an exceedingly variabln ipnniliiy, 
analysts who have obtained tho upjwjratnii bui*- < .»(» 
sequently discontinued to usti it. 

Kjeldahl process, as modified by f>r«4,vti und 
— The water is boiled down with coiu’cnlint* <1 p o.' 
sulphuric acid to near drynesH, a litllu kO 

added, and gentle heat contiitnwl nnuj tb** Ps.-no 
colour has almost disappeared. iSy tbi. ii.. .i n s* ■ 
nitrates and nitrites are first md f * 

remaining nitrogen is converted into iimmoiu.t, :-b i, 
remains as ammonium sulphate. Tbu i* ddioiU ; i 
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is distilled ■with pure soda, and the ammonia deter- 
mined by the Nessler test or otherwise. After 
deducting the free ammonia, the rest is calculated 
into “ organic nitrogen (Kjeldahl). The process is a 
useful one : the results are about double those of the 
albuminoid ammonia (see p. 269). 

No method at present devised yields with certainty 
the whole of the organic carbon and nitrogen in a water, 
and any that did so would still furnish little certain 
information as to its composition. Isolation of definite 
compounds from larger quantities of water is the 
direction that future analysis must take, and a few 
attempts have already been made. 

H. Fleck (Zeitschrift filr Angew. Chem.y 1889, 580) 
evaporates one or two litres to dryness with tartaric 
acid, extracts with absolute alcohol, evaporates, and 
moistens with potash solution. With polluted waters 
he obtained a distinct odour of faeces (skatol?). 

M. Baudrimont extracts the original water with 
ether: on spontaneous evaporation of the solvent 
characteristic odours, fatty residues, Ac., are left. 

Zune concentrates the suspected water at a gentle 
heat until a few cubic centimetres are left, then extracts 
with warm alcohol. In the case of pollution by urine 
or faeces, he finds urea and biliary matters in the 
alcoholic solution, and uric acid (by the murexide 
test) in the insoluble portion. Such a discovery 
would, of course, be proof positive of admixture with 
fresh sewage. But these methods only apply to 
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rccont and oxtronio contaiiiiiialion. OdourH arcs liahln 
to great divergence of opinion. 

ProductH of manufacture occaHionally find tlaaV way 
into drinking water. Heap, petroleum, variouH liliri'H, 
traccH of metals and chemicals have hcjon delected in 
domc.Htic: suppluss. Those (>cciirreiuHt.H have somi!- 
times been of service, as pointing to a leakage inh) 
wells or pipes that might also a<imit patli»g<inie 
erganisms (mo p. H!>). Poisonmis metals, like U*ad, 
copper, and zinc, sliould bo entirely alment. Not more 
than a trace of iron is admissilde, Arwaiic, barium, 
rnangnmise, &e., have been oecasionally recorded. 

In a paper on Fermentative Changes (Itoyul iJiilditi 
Society Transactions, Beptemlsir, W. K. Adoiiey 

has prnv(>d that it is important in the exaiiiination of 
a water to show (1) the ahsjfjicsi of easily formentahlo 
matters of all kinds; (2) that it has btseii sahjected 
to eflieittfjl natural or artificial filtration. The first 
Cfjndition will have been r-stahlislHid if the water 
contniriH no fn tt ammonia, or only slight traces, since 
of the easily fernu ntulde sulistaiices present in waUsrs 
it is the last to he fermented. The sewnid is satisfied 
if traces only of feriiienUal terganic matter are found. 
To chdernilno the rate of progress of the natural puri- 
fication of polluted waters liy bacteria and osidation, 
he estimates tius oxygen, carbonic acid, ammonia, 
nitrite and nitrate, present in the wator, kept out of 
conlnct with air, at \'arious stages. 

t\m determination qfdmolmdaxygm issehhmi made. 
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It is valuable in showing the purification or pollution 
of rivers during flow and in filtration cxporiments. 
Qerardin has shown that diminution in the amount of 
oxygen dissolved in a water indicates low vt’;ietahk life, 
and usually results in an unpleasant odour and taste, 
besides retarding natural purification. A fully aerated 
water will contain about 7 c.c. of dissolvoil oxygen per 
litre, the amount, however, varying with the tempera- 
ture from about C c.c. in summer to over 8 c.c. in 
winter. A sewage or badly polluted water contains 
little or none. (See Chapter 1., i». lib) 

The following are fairly valid inferences : 


Free ammonia. Albuminoiii do. 
I iigh. Modomto. 

liigh. Very high. 

High. Ratlier low. 

Rather high. Low. 


Ohiorhitt. I fid I <*1111011 i. 

BmalL Bnwor iim. 

High. H*<wnr wator. 

Vory high. rrino. 

Very low. Vi’golAlilii muttor, 

iwir^diy. 


Dr. Smart has pointed out that, in the albuminoid 
ammonia procoss, fermenting vegetablo matter gjvo^ 
a yellow colour with the carbonato of soda, and a 
greenish witli the Nossler test. This, coiijiled with 
the oxygon consumed and the rate of ovohition of the 
albuminoid ammonia, led to the following discrimina- 


tion 


Nils ovdvod slowly ^rocont organic inutior. 

Oxygon mmmmml low.^wilri»L 
«« It high 

Nils cYolTOd rapidly -fhtoomprisiiig orgmilo tnatL^r. 

Oxygim low; HaHfikir colMiirJ , , 

thii normal brown i * 

Oxygoa high ; Ji, i , . , 

N^cn,y,,!l„w 
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The above differences of colour have been for a long 
time observed, and have been attributed to different 
causes. Water containing notable amounts of sewage 
always gives a peculiar aromatic odour in the first 
albuminoid distillate. 

Wanklyn’s standards for albuminoid ammonia 
are : — 

High purity, 0 to -0041 parts per 100,000. 

Satisfactory, *0011 to *0082. 

Impure, over *0082. 

In the absence of free ammonia, he does not con- 
demn a water unless the albuminoid exceeds *0082, 
but a water yielding *0123 he condemns under any 
circumstances. This would frequently, and with jus- 
tice, condemn the waters of the London companies. 

Lrankland and Tidy’s standards for oxygen con- 
sumed are : — 

High organic purity, *005. Medium, *05 to *16. 

Doubtful, *15 to -21. Impure, over *21. 

Tables of hard and fast limits for waters are, how- 
ever, useless and misleading. So much depends on 
the locality. A number of typical analyses will, be 
found in the Appendix. 

In a research on the different actions of sodium 
peroxide and of permanganate on the organic matter 
in water {British Association Reports, 1893), I 
have shown that different kinds of “albuminoid 
ammonia” are possible, remarking that waters con- 
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taining fresh sewage which has been partially oxidised 
by the peroxide yield the remainder of their ammnnia 
to the alkaline pei’inanganato nmch more rapidly 
than when the water had not bcicn so treatotl, and 
suggesting the presence in waters of organic nitro- 
genous matters which, when partially oxidised, are 
then in a condition to be completely broken up by the 
stronger reagent. When the albuminoid ammonia 
process was introduced it was well known that 
there was a varying relation betw(*en the quant iticss 
of albuminoid ammonia and the amounts of different 
kinds of organic nitrogenous matter. The works of 
Preusse and Tiemann, Mallet, LelTmann and Ihjan, 
P. Prankland, and others, have confirmed the infer- 
ence that, although a useful indication, too nmch 
importance must not bc) plactsd on this item of thes 
analysis. 

Barnes {J. Soc. Chan. Ind., IBitf!, 88) comi»ared 
the effects of acid permanganate and of acid bichro- 
mate on different bodies, and showed that the latter 
was far more energetic towards starch, glycerine, 
sugar, and gelatine ; that with albumen and its con- 
geners the permanganate used increased, whikt in 
solutions containing tamnn or peaty matters the 
amounts of permanganate and of cliromato ennsnmed 
approached equality. Woodman (J. Anwr. Chan. 
Sac., 1898, XX. 497), has apidied Barnes’ ratio to the 
discrimination of the nature of the organic raattf;r in 
waters. The process is de8cril>ed in the above paiwrs. 
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For equal volumes of water, the number of c.c. of 
permanganate used, divided by that of bichromate, 
gives the oxygen ratio.” For example : — 


I. Peaty Waters, with high “ oxygen consumed,” but known to 
be free from sewage — 


Boston tap-water, July, 1897 


Colour. 

0-3 

Batio. 

0-656 

„ „ January, 1898 


0-7 

0-646 

„ „ March, 1898 


0-48 

0-649 

Dark swamp water diluted . . 


50 

0-833 

n j) • • 


1-8 

0*689 

Beservoir, Orange, Mass. 


0-58 

0-659 

„ Athol (full of algffi) 


— 

1-132 

„ „ (filtered) 


1-7 

0-750 

Infusion of dried leaves 


10-0 

0-656 

Solution of humus in ammonia 

• • • • 

— 

0-692 

Sewages. — 

Sewage from Marlboro’ (filtered, old) 


0-543 

„ Boston (decanted, fresh) 

— 

0-889 

Filtered sewage, Boston 

. . 


0-470 

Same, diluted with 5 vols. distilled water. . 


0*490 

i> >> )> 

it 

— 

0-460 

Well, contaminated with sewage 

.. 

— 

0-449 


Peaty waters, therefore, give a ratio above 0*600, 
whilst sewage and waters polluted by it are below 
that limit, although urine alone, according to Barnes, 


gives •621, 

A well water suspected from the high ‘‘oxygen 
consumed” gave a ratio of 0*957 ; hence it was con- 
cluded that vegetable matter, and not sewage, had 
entered, which was confirmed by examination of the 
site. 
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Bacterial Examination. — -Bacteria are divided into 
groups, based upon their appearancf! viiubtr the micro- 
scope (Fig. 49), as follows ; — 

1. Micrococci, or rounded forms, s(U'n under ordinary 
powers as simple dots. Those may bo single, or 
micrococci proper; double, or Viplococci; in fours or 
cubical packets, as Snrciim (one form of which is 
common in the human stomach) ; in Imnches, like 



Fra. 49.— PorrnH of Baf^toria: a, 'Mloroooeoi ; h, I ; r, Trim- 

cocci ; rf, Packet; cocci (Sarcirm) ; c, Stapliylorficri ; Sf.rcpf.o- 
cocci; r/, ZoogUna cfilon y ; //, jiacilli ; i, Hpirilla: (Vaiiijifi. 

bacilli ; /c, Bpirochfciic ; /, (Jiliaicfl ccIIh ; w, (>jcri ; 

Bacteria nhowing hporcH. 

grapes, as Staph nJococd ; or conm-cU'd in chiuns, as 
Streptococci. Often they are collected in jcdly-liko 
“ zoogbea ” masses. 

2. Bacilli, or short rods, often connected etid to end 
to form a conferva-liko line, or groiipi'd side by side, 
The ends of the rods sometimes widen into dumb-brdl 
shape, and spores may form in clear vesic-les in 
the middle or at the ends. The nsls are, in a 
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few species, curved into comma” or short spiral 
forms, which are then considered as belonging to 
group 4. 

3, Longer unsegmented threads, straight or undu- 
lating, often matted and inter- 
laced into flocculent masses. 

Crenothrix (Fig. 50) develops 
in water-pipes and in covered 
tanks, under the influence of 
darkness and of deficient 
aeration, sometimes to such 
an extent as to communicate 
a bad odour and taste to the 
whole supply. It imparts a 
reddish tint to the liquid, 
owing to the oxide of iron 
which it assimilates and then 
excretes ; it increases very 
rapidly by spores. At Lille 
and at Berlin it has caused 
very great trouble and ex- 
pense. Cladothrix dicliotovia 
also occasions great incon- 
venience by blocking pipes, especially if the water 
is periodically stagnant, as in intermittent supplies, 
and when it is rich in organic material. In 
large numbers it gives rise to whitish flocculent 
masses; threads of it are easily identified under the 
microscope, and indicate that the water is not in a 



Fig. 50. — Crenotlirix Klih- 
niana ( x 600) . a, Arthro- 
spores ; b, single seg- 
ments ; c, common sheath 
surrounding the separate 
spores. 
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proper state, or that the filtration is inefficient. It 
develops a strong mouldy smell, and precipitates 
carbonate of lime round its filaments, so that if 

treated under the 
I) D /f \ microscope with hydro- 

H i chloric acid it shows 

B J bubbles of carbonic 

f i if n Beggiatoa 

H ^ ctlha, ‘‘ the sewage 

//I fungus,’’ occurs as 

whitish or grey 
If B threads, or large flahes 

H 1 ^ ^ effluents, and some- 

H / I) f CT b i times finds its way 

U (7 ^ i into polluted drinking 

U t ® waters. At the ex- 

^ II g ff tremities of the fila- 

ments highly refracting 

Fig. 51. — Beggiatoa alba, show- , ^ 

ing attached, free, curved, and granules Will be seen 

f fio'SSr; t fSi «>« micro»oope ; 

under a higher power, showing these are Sulphur in 
transverse and longitudinal divi- 
sion ; d, filaments breaking up (the a liquid state Secreted 
small dark circles are granules of -i . r i 4. 1 

sulphur highly refracting) ; e, free ^7 plant, ana 

motile segment with terminal formed either bv a re- 

nagelia. 


duction of sulphates 
to sulphides or from sulphuretted hydrogen pro- 
duced by putrefaction ; in either case the water 
is obviously unpotable. This fungus is frequent 
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in drain-watfu-, uiid in ulw» finnid in Kitliihiir Hi»riiiKH. 
Leptothru: orhiwi'u ih uuo of thti “ iron -had, oriii,” 
growing KonudinioH luxuriantly in hsrnigiiuiUH whUu-h 
conlairung vary umall (junntitioH of organic nialtor. 
It occasionally hauls to niHl-coIourial flaluiH and 
crustH in tkcunti rs, and sIiowh that iho water 
contaiiiH too niuch iron to ho wholcHoiuo, and indi- 
catesH that the waUtr fdionhl ho piaivioiiHly Inaitod hy 
liiiio ami doitoHition or fillraliori (p. IH). Fumtnum 
auHtrilitetiiiuit {Fumuporiiim miMi hntmii], tho “ uiuhIc 
ftuiguH," was found hy Lagorlioim in tho tait-walor 
of Upsala an long groyish muHHOH hanging down from 
the orifico of the itijws. Its prosonco han lamn huh- 
pectitd in many wati-rs having a niushy odour ; it ia 
htdhwed to ho pnthogi riic (fhdh r}. f have found tho 
inodoroua F. nnhini in laaidon water. 

4. Bcrow-hlmped or apiral hacteria. Vihrmt are 
short, umhilatiHg forma; Njiirilhi are longer, and in 
a distinct helix or screw ; .S'/aror/urfo in a long, thin 
thread, with nunioroUM short lurns of the Hpiral (Mc-e 
Fig. 49). Tho eomiim hnciUuH has heon variouHly 
referred to Vibrio or to KjdriUnm, as both forma occur. 
This variability of shaiMi of tho Haiim HjiecieH remhsrH 
it neccissary to Hupidement a simjihi niicroHcopic 
examination hy cuitivaiion oxjterimenlH. Certain 
idontificalion of a siHscial orgatiism dojwmdH on - 

{».) Tho micrasco|»ie apiioaraiico at diffitront stages 
of growth. 

0.) Tho preNonco of ea|iMulos, spores, flagolla, &c. 
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(c.) Motility. Some bacteria are sluggish or almost 
immotile; others exhibit rapid changes of position. 
In this ease minute, whip-like processes, called cilia 
if sliort and numerous, or flagella if few and lengthened, 
should bo looked for by careful staining. 

(d.) The production of substances recognisable by 
chemical tests, sucli as indol (p. 302), &c., and of 
characteristic colours by chromogenic bacteria, of 
fluorescence, of odours, of phosphorescence, of 
li(pUifaction, turbidity, precipitates, or gases. 

(fi.) Wliothor the bacterium can live without 
oxygen. The larger number are incapable of multi- 
plying in absence of air, and are called aerobic. Such 
as cannot grow in the presence of oxygen are termed 
anaerobic. lioth of tlioso are described as obligate 
aerobes or anaeroljes. If an organism can thrive 
under either condition it is said to 1)0 facultative. 

if.) The results of cultures in dillorent media and 
at various temperatures. 

(//.) Experiments l»y inoculation on animals. These 
can only bo carried out under a licence, and are not 
necessarily conchnsive as to man. 

Cultivations are made with various media, such 
ns nutrient gelatine, agar-agar, meat broth, milk, 
blood serum, potatoes, albumen, &c. The most 
imiiortant of those is the nutrient gelatine, which 
consists of meat Itroih containing 10 to 15 per cent, 
of gelatine, 1 per cent, of peptone and 0'5 per cent, of 
common salt. It is rendered neutral or very faintly 
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allcalino ami alarifHHl wil.li ogg-allnaiKin. Whilo hot, 
quanliticH of aliout 10 c.c, uro run into 
lilted with coLU)n-w<K*I plnj'M, llus coltnn wool uml 
tubes having heeii previon-ily storilisiHl by heat. Thetii 
tubes are tlieli fraclbuuilly sUifiliHcd liy Hteaiiiing hu' 
half an hour <tn thnso summsivo days. When iicnperiy 
Ijroparod the jellj is quite hriglil, hIiouIiI not un it at 
2‘2” C., and undergo no ulhu-ation on keeiiing; a.s the 
cottou-wool idiigs, while adiuiUing air, (ixcludo the 
micro-organisms floating in it. N'utriiiut uj'ar is 
prepared siinihirly to the above, ‘i per cent, of agar- 
agar being used in piaeo of the gelatine; this rtmtains 
solid at blood-heal, and is theieiore used for eiittures 
at till! higher iucubafioti teioperatures. 'rhe..H<t tulajs 
of gelatine and agar are always Hloi-ked, and they arc; 
used for thn following enltivations : - 

1. Platte t’ltUiut n. 'HiiH nteihod was originally 
devised by Koeh, an«l is u!inee4 invariably resortetl to 
for the isolation of baeleria. The gelatine is gently 
warmed until fasrfta’tly fluid, one enbie (HUiliinetro or 
less of tlio water, aceording to its purity, is then 
added from a [dpelte gmdnateal into j‘„ths of a cui»ic, 
contitnelre. The lube is then earefnlly slialum ami 
the contmits poured into a shallow gluns dish with 
a close filling hd this “ Tetri's tlish ’* and the. 
pipetto are previously stei ilised hy heat. The gelatine 
is then alUnved to set, wliieh can !«) Inistejnsl hy 
placing the dish on a bhajk of ice, and is sub«e<{tienlly 
incubated at a defniile tein{M!ratMre not esceoding 
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22° C. and examined from day to day. If germs are 
entirely absent, the gelatine -will remain (^uite clear, 
but this very rarely occurs in nature. Deep well 
waters after a time show a few isolated specks ; other 
waters, according to their quality, show greater or 
less numbers of centres of growth (I'ig. 52). These 
“colonies,” which are duo to the multiplication of 



Pio. 52. ~ A Koch-plaU- culture, showing colouies. 


scattered organisms, are almost invariably pure 
cultures of the original gorni, and soon exhibit 
characteristic differences. Some tonn ciiij-shaped 
depressions of li<iuid gelatine, otliers nduse to liquefy 
the medium. The colonies are either raised above 
the surface or penetrate deeply into it; the outline 
may be ragged or circular; branchings from the 
centre or concentric circles may appear ; they may 
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remain white or develop pefuliitr pif'iiHtitH. !\rniiy 
bad waters cause tho to mpiiily liquefy iiiul 

to emit an unpleasinit {mtrefnt'livo oiioiir. If then- 
is no guidanco as to the purity of the water, Mtvernl 
plate cultures with varying 'piantilies have to he 
made at once, as they canimt ho n peah’ii ; HonietinteH 
the sample has to I«! <lihiti'd with sterile wafi’i'. A 
maximum of about liK) colitiiies Mlmiild ho obtained 
on a plate, and even then if a mimher of rupiiily 
liquefying bacteria is present the plate wilt he uMeh’ .s 
in one or two days, according to the teinperniure, 
before other colonies have develiqied Hufticiently to in* 
visible. Owing to tho rapidity with whitdj hiudena 
multiply, esjmcially in tho presence of t»rganic matter, 
it is soraetiinos proforahle to start the plate culitireH 
at the spring or other source of supply, the *tperator 
being providtsd with a spirit-lamp tind a case for the 
safe transit of tho plates to tho laf»oratory. 

As a rule, tho colonies on tiie surface of gelatine 
plates grow more rapidly ami are easier to diagnoi-.c 
than those in the depth, which often remain mere 
dots; when typical colonies are reijuirerl, "surface 
cultures ’’ are prepared. 'I’he sUtrile gelaliim is iwnired 
into tho i’otri dish ami allowetl to la-coinn quite ardid. 
About 1 c.e. of tho iii|uid to b» oxamimHl is then run 
on to the Jelly and carefully sjiread over the whole 
surface. After a few hours tho water is alisorlrtal and 
the bacteria are deposited superficially. 

The numlwr of colonies on the plato is counied 

W.)P. 
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with the aid of a magiiitying glass, and when they are 
numerous by placing the culture over a glass plate 
ruled in centimetre squares (WolfThiigers apparatus). 
As each colony originates from one individual, a 
factor is obtained which roprcsonts the number ol 
organisms per cubic centimetre. But it is obvious 
that the number of bacteria alone furnishes very 
imperfect information unhiss their nature is also 
inown. It is, liowover, of groat value in controlling 
the efficiency of filtration or the carefulnoss of storage, 
as where innocuous organisms can penetrate, disease 
germs can also find a way. For this reason, Koch 
prescribes for a good drinking water a ma.'cimum limit 
of 100 micro-organisms per cubic centimetre. The 
following is Miquol’s experience of the numbers found 
in different classes of water : — 

of organiiims |>or 
©tibia ©ontimotr©, 

Excoodingly pure water 0 to 10 

Very pure ditto 10 to KK) 

Pure water . . . . 1(X) to 1,(X)0 

Mediocre water .. .. .. ..l,fK)Oto K),()00 

Impuro ditto 10, (XX) to KK),000 

Very polluted ditto . . . . 1CX),CX)0 to many miliioiii. 

There is no doubt that these limits are too wide, 
and Koch’s figure, 100 per cubic centimetre, is now 
generally looked upon as easily reached by good 
filtration. Bolepino has employed a comparative 
method, taking as a standard of purity the water from 
one of the feeders which is known to be free from 
contamination ; ho finds that the number of organisms 
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may be increaBcd 800 per eeiit. by wi»i wenllu^r. 
In river waters, Kibn!!il BiaieB that the iimiiber 
bacteria normally incrftaHoB with a riHin‘| lidu uinl 
(lecroaBOB wiili the falling tide. widl ^vitlrrn* nn 

a rule, contain Iohb tluui ion, while l\ 
found that out of Bixiy-ono BiinijdiiH of lilfi’mi ivairr 
collocted at the liond >ii coiiipaiiinH* worb \ only *110 
contained nuire than 100 eidoiti(?B per ciibie i’iiiif 4 Hii*l.r'e* 
the average being twiuity-ninr, I hit fJin wiitor i 4 .'.i 
delivered to the eoiiBUiiier frfe«pionily roniHiiei 11 iinadi 
larger number, as in shown by the table of iyialyit-e.fi in 
the Appendix. 

The nurnhijr, and niiture, ut organi^iuH prf»ii«’iil in 
a water, w!n*ch multiply at bifioddieiii, mn bn ileter- 
mined from an agar plate ctiRnre, pn^pare*! Hiiiiiliirly 
to the gelatine plate, and imnibatejl at i\H ' C^. ffir forty 
eight hours ; as a rule no fnrilinr growlhs iippefiriiig 
after thiH time. 

The colonies on ilie gelatinci plates urn orgiiiiifuiin 
capable of multiplying at room iompiiraliiris unit inay 
include many wator-biieleriii, wlitcdi lire Idilt^d, nr ul 
least mhibiied, at tlici iiimperiitiirn fif tim borly ; Imi 
pathogenic forms, and ilie majority of orguni^imi 
present in fmces, develop rajndly at liloffibbeiil. In 
the author’s liiboriitory gidatinu anii agar jiliitiis wiirii 
prepared from top water previously rntm^Ud fniin 11 
pure culture of If. Uiphmm- --ilm agiir pliitiiii sliowiul 
numerous colorikisof tlie typhoid ImhuIIiw liftur twniily* 
four liours at but the hmillm miM not Im 

If 3 
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recognised on the gelatine plates, even after six 
incubation at 15^ C., the gelatine being then al 
entirely fluid owing to B. fluorescens liquefacien^ 
other rapidly liquefying bacteria originally pr 
in the tap water. Agar plates are therefore 
valuable for detecting any pollution of a na 
water. The number of colonies obtained at 3 
temperature may be within Koch’s limit of 
per C.C., and yet an excessive number of blood-li 
organisms may be present ; or the water may ex 
Koch’s limit, whilst few or no blood-heat colonies 
obtained. In other words, the ratio of blood- 
organisms to those obtained at room temperature 
always to be considered. 

For example, in a London water, regul 
examined by the author, the ratio of blood-] 
colonies to those obtained on the gelatine plates va 
at different times from 1:68 to 1:2, while the avei 
ratio of nearly a year’s weekly examinations has I 
1:12. The average number of blood-heat coloi 
per c.c. lifter forty-eight hours’ incubation of the p! 
was 7 ; that of the gelatine colonies, five di 
incubation at 15® C., was 83. 

Deep well waters should be entirely free fx 

blood-heat ” organisms, and the presence of 
a few must be regarded as suspicious. 

To identify an organism, as soon as the colony 
sufficiently developed it is microscopically examixn 
minute portions transferred with a sterilised platini 
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wire to various culture media, and the development 
of these sub-cultures watched as already described. 

2. Streak cultures . — A tube of melted gelatine (Fig. 
53) or agar is allowed to 
solidify in a slanting 
position, so as to expose 
a long surface ; the tube 
is then inverted, the 
plug carefully removed 
and the surface of the 
jelly lightly scratched 
with the infected plati- 
num needle, the cotton- 
wool plug is then singed 
and quickly replaced. 

Streak cultures are 
specially adapted for the 
development of pigments 
which generally require 
free access of air for 
their production. 

3. Stah cultures . — The 
tube is held horizon- 
tally, the inoculated wire 

plunged steadily nearly stre^fyation. SM^Le. 
to the bottom (Fig. 54), 

withdrawn, and the wool plug at once replaced. 
Certain ramifying growths show themselves better 
under this method. Moreover, the occurrence of 
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a growth in the deep layers will often reveal the 
presence of anaerobic organisms, which can after- 
wards be specially cultivated as described below. 

4. Shake cxdtiires , — The fluid gelatine or agar is 
inoculated with the organism, gently shaken, so as 
not to produce air-bubbles, and then allowed to 
solidify. If the organism produces gas during its 
growth, the jelly will become impregnated with small 
gas bubbles, which gradually increase in size and 
number. B. coli communis, a non-liquefying bacterium 



Fig. 55. — ^Roll culture, showing lines drawn on glass to facilitate 
counting. 


present in large numbers in sewage and polluted 
waters, gives the shake reaction ’’ after six hours’ 
incubation at 38° C. 

5. Roll cultures . — These can be employed instead of 
gelatine plates when it is required to start the cultures 
at the water source ; but they must be kept cool, and 
are soon spoilt by liquefying bacteria. Quantities of 
about 10 c.c. of nutrient gelatine are ^ sterilised in wide 
test-tubes ; these are inoculated in the usual manner, 
and a rubber cap is drawn over the cotton-wool plug. 
The tube is then held horizontally in cold water, 
and rotated with the fingers till an even layer of 
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the gelatine has set round the walls of the tube 
(Fig. 55). 

6. Anaerobic cultivations . — A wide test-tube fitted 
with two narrow tubes, as shown in the drawing, is 
sterilised, and the inoculated gelatine is introduced. 
Hydrogen is now passed through the liquid, kept 



warm, until the air has been completely displaced ; 
then the two glass tubes are rapidly sealed at the 
blowpipe, and the caoutchouc stopper covered with 
melted paraffin wax. The tube is now rotated hori- 
zontally in water for a roll culture, as above (Fig. 56). 
Or the culture is mounted in a closed jar containing 
a layer of pyrogallic acid and potash to absorb the 
oxygen (Fig. 57) . The air may also be exhausted by 
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Pm. 67 . 

Anaerobic culture 
in jar. 

\ 

¥ia, 68 . 
Tetanus bacilli 
with terminal 
spores. 



Fig. 69 . 
Tube culture of 
Tetanus bacilli 
(anaerobic). 


an aspirator and the 
apparatus sealed. In 
this way Eoux isolated 
the Tetanus bacillus 
(Pigs. 58 and 59) from 
the filtering galleries at 
Lyons (p. 195), and 

Miquel from the waters 
of the Seine and Marne. 

Special additions are 
sometimes made to the 
nutrient gelatine, such 
as litmus, to demon- 
strate the production of 
acidity or alkalinity, lead 
carbonate for sulphur- 
etted hydrogen, magenta 
to detect any bleaching 
action. Many bacteria 
grow luxuriantly on' a 
particular medium, their 
development on other 
materials, if any, being 
poor and not charac- 
teristic ; the nitrifying 
bacteria only will grow 
in the absence of organic 
matter, and have to be 
isolated from a silica 
jelly plate. Some species, 


ANALYSIS AND ITS RESULTS. 


297 


like B. coli communis^ coagulate milk ; the majority 
do not. B. lactis viscosus, first found by Adame tz in 
the water of brooks in the neighbourhood of Vienna, 
is a widespread infector of milk, rendering it slimy 
and foul. Butter made with such milk quickly spoils. 
B. hutyricus and B. lacticus can be carried by water, 
as well as many others which set up peculiar 
fermentations. 

Sterilised slices of potato are of great value for the 
distinction of several pathogenic forms, such as 
typhoid and others, and the production of pigments. 
B. prodigiosuSf found in air and water, often loses its 
characteristic blood-red colour after repeated sub- 
culture in gelatine, but it can be restored with 
metallic brilliancy by cultivation on potato. 

Microscopical examination and staining. — The sus- 
pected colony is examined at first with a low power, 
about 1 inch, the Petri’s dish being inverted or, if 
necessary, the cover is removed. A minute portion 
of the growth is then mixed with a drop of pure 
water on a cover-glass and dried by a very gentle 
heat, and it is fixed by rapidly passing twice or thrice 
through a flame with the residue upwards. A drop 
of the stain is then spread over the preparation, or 
it may be floated face downwards on the staining 
solution, which sometimes requires warming, and 
after a few minutes the specimen is carefully rinsed 
with water, dried, and examined under the microscope 
with a ^ inch immersion lens. For such rapid work 
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methyl blue is a most useful stain — fuchsine, gentian 
violet and other dyes are also used, sometimes with 
a mordant for demonstrating flagella, spores, &c. 
Many bacteria do not stain readily, some are easily 
bleached again, and the manner in which an organism 
takes up a stain often helps in its identification 
Details of different processes, and the morphology of 
the bacteria occurring in water, must be sought in 
special treatises on Bacteriology. 

The size of organisms is recorded in micro-milli- 
metres == of ^ millimetre (about xrfcn of an 
inch), commonly abbreviated fi. In the absence of a 
scale, a comparison may be made with bodies of 
known size, such as red-blood corpuscles. 

To study the growth of an organism and to decide 
whether it is motile or not, a hanging drop ” exami- 
nation should be made. A portion of the fluid culture 
is transferred by a platinum loop to the surface of a 
thin cover-glass held by forceps. This is then 
inverted over the well of a hollow slide, round which 
a ring of vaseline has been painted, so as to fix down 
the cover-slip. The edge of the drop must be first 
focussed with a low power, and then with a higher. 

An impression ” preparation is made by gently 
pressing the cover-glass on the colony, which must 
be on the surface and not too advanced. The cover- 
glass is then removed with the aid of forceps, and, 
after being allowed to dry, the preparation is fixed, 
stained and mounted. Many bacteria show their 
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natural grouping when examined in this manner, 
which is not so clearly defined in the usual cover-glass 
preparation. 

Sterile distilled water is frequently required, and can 
he obtained by a Pasteur-Chamberland or Berkefeld 
filter (p. 201). Apparatus, cover-glasses, &c., must be 
carefully freed from grease or dust, and all vessels for 
cultures must be sterilised before use by heating for 
some hours above 100° C. Perishable articles, like 
rubber corks, are soaked in a one per 1,000 solution 
of mercuric chloride (or preferably formalin) and then 
thoroughly washed with hot sterile water. 

The identification of all the species of micro- 
organisms in a natural water would usually be an 
extremely laborious, if not impossible, task, and the 
results when obtained would not be. of equivalent 
value in our present limited knowledge of the subject. 
The bacteriologist therefore confines his attention to 
the number of organisms present, the nature of the 
predominant species and the significance of their 
presence, and a search, by special methods, for any 
pathogenic forms that may be suspected. 

To determine the pathogenicity ” and the presence 
of surface organisms, Blachstein conducts animal 
experiments with broth cultures from the water. 

One cubic centimetre of the water is introduced into 
a tube of sterile broth, and this is incubated at blood- 
heat for two days. Animals, usually guinea-pigs or 
rabbits, are then inoculated, either subcutaneously or 
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intraperitoneally, with 2 c.c. of the broth culture. If 
other than harmless water organisms are present, 
the subcutaneous inoculation excites a more or less 
violent local action, and the animal infected intra- 
peritoneally loses weight, and in some cases death 
rapidly ensues. 

A water which contained 668 bacteria per c.c., of 
which 106 rapidly liquefied gelatine, was examined by 
the above method. Two guinea-pigs were inoculated 
with a forty-eight hours’ broth culture from 1 c.c. of 
the water ; subcutaneous and intraperitoneal injec- 
tions were made respectively. The former produced 
a large indurated swelling, but the animal did not 
lose weight. The guinea-pig inoculated intraperi- 
toneally died in three days, and had lost seventy-five 
grains in weight. This water therefore contained a 
large number of putrefactive and noxious bacteria. 

The organisms found in natural waters are for the 
most part bacilli. Houston considers streptococci as 
indicating recent pollution : I have occasionally found 
them in deep well waters of undoubted purity. Moulds 
sometimes develop on the gelatine plates ; they are rare 
except in waters that have been improperly stored, and 
have usually got in during manipulation. Protean forms, 
such as Proteus vulgaris or mirabilis are occasionally 
met with, but their presence is objectionable, as they 
are typical organisms of advanced putrefaction. 

Koch’s “ Comma-Bacillus,” Vibrio or STtirillum 
CholercB Asiaticce, first found by him in the water of a 
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by Durham, in the examination of waters. A 
quantity of the suspected water is treated with 
1 per cent, peptone and 1 per cent, salt, rendered 
faintly alkaline and incubated at 88'’ G. Micro- 
scopical examinations are made every few hours from 
the surface of tho culture, and plate cultures are pre- 
imrcd. A portion of tho peptone culture is tested for 
tho “ cholera-red reaction ” by adding a few drops of 
hydrochloric or sulphuric acid (free from nitrous acid), 
when tho rose colour of nitroso-indol appears. This 
reaction depends upon the fact that the cholera 
spirillum produces indol, as well as nitrites, whereas 
nearly all those that resemble it do not show the 
same chemical action. B. cult communis also forms 
indol, but not nitrites, consequently it does not give 
the colour unless nitrite is also added, whilst B. 
typhosus does not form indol. 

Gruber uses a comparative method. He prepares a 
number of tubes containing cholera spirilla in peptone 
grown at 88'’ C., then sterilises tlusm by lieating for 
ten minutes to 65° C. A number of such tubes are 
inoculated with the suspected water, and kept at 88° C. 
for twenty-four hours. One is tested for cholera-red ; 
if it gives a deeper colour than a tube that has not 
boon inoculated, it proves that the water contains 
an organism similar to tliat of cholera, which has 
continued tho indol-forniation which was interrupted 
by tho death by sterilisation of the previous cholera 
vibrios. Other inoculated tubes are examined under 
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tiie microscope and by cultures. Klein says that it is 
possible to give a definite opinion in from eighteen to 
forty-eight hours. 

Agar plates are placed in the incubator face down- 
wards, so that the condensed moisture does not fall 
on the surface of the medium. Gelatine cultures are 
maintained at 22° C. The colonies show their 
characters in thirty-six to forty-eight hours. Koch 
also relies on the pathogenic effect on guinea-pigs 
{cohay es)^ which are affected by the cholera vibrios, 
but apparently not by the allied 
forms. It is believed, however, that 
there are a number of different 
organisms which at stages of their 
development can produce in man 
the symptoms of cholera, some of 
them giving the ‘‘ cholera-red 
reaction. 

In a search for cholera organisms 
in water, the sample must be examined at the earliest 
possible moment after it is taken, and light should be 
excluded. 

Other spirilla are frequently present in stagnant 
waters, and are characterised by their rapid motion, 
due to the flagella with which they are provided. 
Some of these may be pathogenic. Spirilhmi undula, 
the common form, according to Schenk, is shown in 
Fig. 61, stained to show the flagella. 

The B. typhosus of Eberth appears as short, plump 



Fio. 61. 

Spirillum undula. 
(X 800.) 
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Pia. 62. — T 3 rplioid bacilli. 

(X 800.) 


a 



Fig. 63. — Typhoid bacilli (show- 
ing flagella), (x 1,200.) 



Fig. 64. — Colony of B. typhosus 
on gelatine plate, five days old. 


rods with rounded ends, 
growing sometimes in cul- 
tures into long threads 
bent at an obtuse angle, 
which are characteristic. 
(Fig. 62). They are 
extremely motile, sur- 
rounded on all sides by a 
great number of flagella, 
which, however, are not 
rendered visible by the 
ordinary stains, requiring 
a special process, such as 
Loffler's, when the bacillus 
presents the appearance 
shown in Fig. 63, the cell 
appearing larger owing to 
its envelope taking up the 
heavy stain. Colonies on 
the surface of gelatine 
plates are whitish, with 
indented margin, becom- 
ing yellowish-brown ; the 
gelatine is not liquefied. 

B. coll communis is 
constant in the intestines 
of man and animals, and 
will always be present in 
waters contaminated with 
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typhoid. In some forms it greatly resembles the 
typhoid bacillus, and was frequently mistaken for the 
latter by earlier observers. It does not liquefy 
gelatine, but produces gas, which the typhoid bacillus 
does not, and they can, therefore, be distinguished 
by shake cultures (p. 294). Further distinctions are, 
that B. coli when grown ‘in peptone broth produces 
indol (see p. 302), and also coagulates milk in twenty- 
four to forty-eight hours at 38° C., whilst B, typhosus 
does not. 

The typhoid bacillus is capable of growing in the 
presence of small quantities of phenol and hydro- 
chloric acid (Parietti’s solution), while comparatively 
few other organisms, including coli, are capable of 
multiplying in such a medium ; the rapidly liquefying 
bacteria in particular, which spoil a plate before the 
typhoid colonies can appear, being entirely inhibited. 
The absence of typhoid colonies on a few plate 
cultures, from such quantities as one or two cubic 
centimetres of the suspected water, would obviously 
not prove that the water was innocuous, especially in 
view of the fact that B. typhosus is rapidly crowded 
out by other bacteria, particularly when the water is 
contaminated with sewage. Therefore the following 
method is adopted for its isolation : — 

A litre or more of the water is drawn by a filter 
pump through a sterilised Pasteur or Berkefeld filter 
(Pig. 65). The ‘'candle” is then removed, and the 
film of bacteria, &c., carefully cleaned off into a beaker, 

W.P. X 
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employing a small sterile brush and about 10 c.c. of 
the water. Carbolised gelatine plates, containing 0*05 
per cent, phenol and 0-05 per cent, hydrochloric acid, 
are then prepared with 1 c.c. of this liquid and 
incubated at 22° C. Any suspicious colonies are then 
examined and sub-cultures made 
with gelatine, streak, shake and 
stab cultures, milk, potato, and 
broth tubes for indol reaction. 
Widal’s, or the serum reaction, 
is also used as confirmatory of 
B. typhosus. 

B. coU communis i although 
rather widely distributed in 
nature, is essentially a sewage 
organism. Houston and Clowes, 
in their report to the London 
County Council (First Beport, 
1898) on the Bacteriological 
Examination of London Crude 

pia. 65 .-Diagram of frequently detected the 

bacterial filtration. colon bacillus in as little as 
*000025 c.c. of crude sewage. 

The jB. coli communis is perhaps the most 
characteristic, and is one of the most abundant of 
the different species of sewage micro-organisms, and 
sewage is the chief and most dangerous source of 
pollution of potable waters. The B. coli communis is 
not present, at all events in any numbers, in pure 
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waters, and it is evident that sewage may contain at 
least 100,000 germs of this micro-organism per cubic 
centimetre. It is obvious, then, that there exists a 
bacteriological method of detecting the pollution of 
water with minimum quantities of sewage, which is 
of very great delicacy.” 

But, besides the typical B. coli communis^ there are 
closely allied bacteria, forming the ‘‘ coli group,” 
which are only distinguished by minor differences, 

a 

Z) 


Fig. 66. — ^Bacillus anfehracis. a, Sporos ; 6, detached 
short rods, (x 800.) 

such as degree of motility (B. coli communis is slug- 
gishly motile) and the rate of production of indol, and 
also by their pathogenicity. 

The isolation of the typical coli would undoubtedly 
condemn a water, but opinions vary as to the signi- 
ficance of the presence of atypical organisms, although 
these, if present in numbers, say sufficient to be 
isolated from the blood-heat colonies from 1 c.c. of 
the water, would be condemnatory. 

Dr. Sims Woodhead defines the true coli bacillus 
as essentially “ pathogenic to the lower animals, and 
producing indol rapidly in broth cultures.” 

X 2 
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Dr. Klein has found B. coli present in one week in 
four out of the eight London companies, and in two 
other weeks it was found in two. The Southwark, 
the East London, and the Lambeth all yielded it, in 
two weeks out of eight, in the early part of 1895. It 
has also been repeatedly isolated in the author’s 
laboratory from London water supplies. 

B. enteritidis sporogenes (Klein) is a pathogenic 
anaerobe, producing resistant spores which are abun- 
dant in sewage, Houston and Clowes finding 100 to 
1,000 and more per c.c. in the London crude sewage. 
They are not found in pure waters. The spores are 
detected by heating for ten minutes to 80° C., to kill 
other organisms, and preparing anaerobic milk cul- 
tures. Examinations of London waters in the author’s 
laboratory gave negative results with ordinary quanti- 
ties, but by filtering 50 litres through a Pasteur candle 
their presence was proved. 

jB, anthracis, which has been identified in one or 
two cases in water, has the appearance shown in 
Fig. 66. 

Staphylococcus pyogenes aureus is pathogenic, and is 
found in soil and occasionally in sewage and polluted 
waters. It liquefies the gelatine, producing a yellow 
to orange coloration. 
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RECENT EPIDEMICS CONNECTED WITH 
WATER SUPPLY. 


Occurrences at Maidstone, King’s Lynn, Worthing, Cam- 
borne, and Belfast have attracted a large amount of public 
attention. The Local Government Board issued in 1898 the 
following circular-letter to the Clerks of Town Councils and otlicr 
authorities, on the subject of the su];)ply of water in districts 
which are not within the limits of Water Comioanics : — 

“ The importance of a wholesome supply of water need not bo 
emphasized, in view of the serious eindemios of enteric fever 
which have of recent years been brought about by specific 
contamination of water supplies in different parts of the country. 
It is true that this disease, which formerly prevailed somewhat 
generally in endemic form, has during the last twenty-five years 
been largely reduced as a cause of death. But, on the other 
hand, there is now a recurring tendency to sudden localized 
epidemics, in which the typhoid infection is distributed to large 
populations by means of the contamination of water delivered 
from public works of water supply. 

“ The Council are the body responsible under the Public Health 
Acts for securing to the inhabitants of their district a proper 
and sufficient supply of water ; and the Board desire to impress 
upon them the importance of taking the matter into their 
serious consideration, with the object of guarding their district 
against dangers the gravity of which has been sufficiently shown 
by recent examples. 

“ Where the Council have themselves constructed or purchased 
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any water- works, it is their duty, in pursuance of section 55 of 
the Public Health Act, 1875, to provide a supply of “pure and 
wholesome” water; and in order to fulfil this obligation, it 
behoves them to exercise every precaution to secure that the 
water which they deliver to the consumers shall be protected 
from risk of contamination, whether in connection with the 
sources from which it is derived or during the course of its 
storage or distribution, and that where means of filtration are 
necessary these should be adequate, and maintained in a 
thoroughly efficient condition. Not only are the Council thus 
under a responsibility for the wholesomeness of the water which 
they themselves supply, but they should, by careful inquiry, 
make themselves acquainted with the sources, nature, and 
quality of the various supplies in all parts of their district, and, 
in every case in which the result of their inquiries is unsatisfac- 
tory, should take all such steps as may be within their powers 
with the view of supplementing or improving the supplies. 

“ The Board would observe generally that accurate information 
should be procured, if not already available, in such matters 
as the followmg : (1) Where water is derived from gathering- 
grounds or from s;prings^ whether drainage from human habita- 
tions, farmyards, and the like, finds its way, directly or indirectly, 
into the reservoir or to any part of the water service ; and 
whether risk of access to the water of human excreta and similar 
refuse is likely to arise. (2) Where water is derived from deep 
wells, whether surface or other water, liable to be contami- 
nated by drains, sewers, cesspools, and the like, reaches, or is 
liable to reach, the wells. The existence and direction of 
fissures in the strata deserve especial consideration in this 
respect. (3) Where water is derived from shallow wells, 
whether the wells are so circumstanced that they run risk 
of contamination by reason of drains, privies, cesspools, or 
middens, or by deposit of manure (whether derived from human 
excreta or not) in or on the ground in the neighbourhood of the 
wells. 

“The Board trust that the Council will not fail to give their 
most careful attention to this subject, and that, where it may 
appear that further works which may be within the powers 
of the Council for the improvement or protection of existing 



supplies are tiui (-cjimeil will wiilt tin* lyujini 

anco of Bucli nkillecl aclvit’o an the, eireimintaiit’eH c»f the eime 
mity require, execute tlie neeertHary works/' 

Water cornimnieH, whk^h althou^'h pHvaio eoueerufi, urn 
CBtablished by Act of rarliauieut, Heeiit to he spei-ijilly e^ntepii-d, 
by the opening clatme, from the above rimpomdhility. 

It lias been ohservcsl that careful attefiikjii in the pfiinlti 
mentioned above %vauld prevent the laekneiiw and isnfferini/ t»f 
some 50,000 people every year in this country aloii#«, and uaie 
some 4,000 Hvch. 

In a recent paper hy Dr. Vivian r«orr% at the Ueyal .^fedicfil 
Society, ho stai(*H that the ctiriiaginri of typlioiil or enteric fever 
in contained in the excreta, and may gain nceinm f.f» the iMidieii 
of the hofdthy in drink or feed or air. When epidemic, it ei 
generally thrmigli eoiiianiination of the drinking water, mid 
sometimes through the W'ater of tlie milk and cither beveriiiffei, 
Short records were given of 40 Ini4fmcc*ii within tln^ biat 110 
years of coniamiiiatiori of public water mippliea ; and in *f|| 
instances in which the figures w'cre given the canea amoiiiiterl 
to 16,480. Of the sourci5S, 8 were slrcamu aial rivera, 1 1 wm'e 
wells, H were upland gathering grounds, 7 %vere tli‘rp welbi in 
the chalk, whiesh w^ero polluted by various lealiageiu lliiiidtera 
wlio attend to drains and aewers ought not to tnueli water 
pipes and ewtiirns wiiliout eoinpb4e %vaiildiig and eliannc cif 
raiment. 

With redcrenco to the causation of typhoid from the laiil, fw 
by leaky watc‘r nmirn (p. 1116), ^c., It k kmmn that oilier 
diseaiiog, sticli as iniilaria, cholera, yellow fever* dyfienti'ry, 
tuberculosis tuid ginmrier diiwrlnea nwiy originalo from lldn 
source, and niiiy Im traiiMferred to ivali^r. Dublin is 
from ti purer wiurce thiin laiii<lon (p, 14H|, but ||ii;'i giii%*r-| niul 
is more i wIluUfcl l,y |*mky drains, atifl tvplioid in ' far iiiore 
prevalent. 

However, at Btida l*enth, Draselike idiowo^d by idiiborati! 
statliticH tliat Iiiiprovifd water iiU|iplir«, fiml not wtbi'rwb^o 
improved saiiilary conditions, wwe the iiislfiiiiiei'ilii in 

lowering the typhcild riiortiility. At Vieiina, llm lettiporiiry 
re-introduction of Danube wak^r was fol|fH%-ei| by i% ii?ie #,f 
typhoid mortality in the parti where it wiw tiscfi mmty Um*^^ 
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greater tha^ that in park where the water {high 

Kpringn) was HUpplied. Biniiliir evidence was givtni from Naples, 
Bremen, Buda, I#emberg, and Flinfkircdien. 

Maidaitme Plpidemia^ 1897.—- This is a remarlciiblo instance 
of cul|>ablo negligence in the protection of portions of a water 
supply, and of its conHC3(juence8. Bopulaiion about <14, 000. A 
fairly lioalthy town on tine Lower Gri‘enmnd, with a stibstratem 
of clay. I)(*aih-rate in decade pri^eeding 1B97, 14'54 per 1,(XX), 
an compared with 18*57 for the corresponding avc‘rag6 of Eng- 
land and Wales. Typhoid, *077; England and Widem, 0*175. 
Water stipplicd hy a company from Hprings rising In three 
districtn— CosBington and Boarley, both chalk; and Farleigli, 
Kurfaea springs, nominally in fiower ClrcenHaiui, over Ailairfi(‘ld 
clay. The latter Bprings arts said to l»e “derivttd imm mom 
or Imn Bhallow sources in the Ibigstone, which is liable to be 
fiBsnrcd; the gathering groundi of Bonic of them are covciritd 
with hop or fruit gardens, wliich are licavily miinurad, and on 
which great numbers of persons are employed at cjcrtidn «ciiHon« 
of the year. The land on which the $primjn an iUtmied dam 
not hdong to the comjmny^ who apjmrenily have «o control 
over the eurface*^ According to the iividenee of the inaniigiir, 
** it laid never occurred to anyone that it might bo ©xpi*c!ient to 
exclude hd>ourerH from the vicinity of the a|»rlngii, or to protect 
them in any way,** although ** on one occasion aomc peiroknim 
which had been spilt on the surface of the ground found its way 
into the catchpit.” (Hee p. 02.) Tim steriigci reservoirs were 
also liable to risks of pollution by siirfaco water, and hiid not 
been cleaned out for two years, wliile the fdter-bedi were only 
used four or five times a year, when after heavy rains Ih® water 
became turbid. 

In the early part of Bepternlmr, 1897, a violent outbreak of 
typhoid fever, involving nearly 1,7W cases in about two mon th«, 
and a total of nearly 2,01)0, suddenly appciircd. Some of the 
above |)articukrs are talcen from the detailed report of the Local 
Government Board inquiry, lasting for elglil days from laniiary 
Blst, 1898* which, however, was not published In ifritircty till 
the following August. The ofllcial decision was that ‘‘on a 
review of the whole of the epidemic we liiivu no liciitotitin in 
coming to ilio conclusion that it was crwwed by polklloa from 
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the Farleigh sources. . . . The sudden and simultaneous out- 
break over a wide area, and the rapidity with which the 
epidemic grew, cannot be accounted for by the existence of 
defective conditions of sewerage and drainage.” Although 
“ many of the typhoid cases in the borough were due to defects 
of drainage and sewerage, with consequent pollution of the soil 
underlying the town,” yet ‘‘the cases of typhoid were confined 
to the Farleigh area to an extent which quite precludes the 
possibility of mere chance.” The percentages of incidence in 
the three areas were, as to persons attacked: Cossington, 0-86; 
Boarley, 0'97; Farleigh, 6*60; at the same time the most 
insanitary parts of the town escaped. 

The examinations, bacteriological and chemical, were under- 
taken too late. B. typhosus grows freely at blood-heat, but 
disappears rapidly in ordinary water, starved out by the largo 
numbers of common water organisms. It is true that it has 
been recently proved to be capable of living, under certain con- 
ditions, for one or two months or more, in soil containing organic 
matter.* But even here vegetation interferes with its growth. 
As the period of incubation of typhoid is fourteen to sixteen 
days, all the organisms that had caused the epidemic might 
have died or been washed away before the samples were taken. 
Even B. col% which is much more robust, would suffer the same 
fate. Dr. Washbourne found sixty coU per cubic centimetre 
in the Tutsham spring on September 21st; the infection is sup- 
posed to have occurred about August 17th, the outbreak about 
September 9th. Drs. Durham, Foulerton and Tew found both 
t3q)ical and atypical coli in considerable numbers. But Dr. 
Sims Woodhead, at a later date, November 6th, did not dis- 
cover typical^ i.e.j intestinal, colif although a number of soil 
organisms were present, proving surface pollution. 

♦ Dr. J. Robertson, Medical Officer of Health, Sheffield, has found 
that during the warmer months typhoid bacilli, placed in the soil, 
continued to multiply, this multiplication lasting apparently for at 
least 143 days. When, however, the cold weather came on, and the 
soil was left untreated, at the end of 181 days none were found. 

If various organic matters were added at intervals, the bacilli lived 
through the winter, and were discovered after 315 days. These 
experiments have been confirmed by Dr. Sidney Martin, of the 
Local G-ovemment Board. 
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The choinical analyBes BufTtjnKl urid«r th© sanie disadvantage. 
Dr. AdaruB had calculated a ** local standard ” for the water 
of the district, founded on a largo ninidasr of analyses cxtcjndiiig 
over a lengthened period. He had formerly executed fort- 
nightly analyses, which would almost certainly hiwii given 
warning in time of any dangcirous deviation from the normal. 
Hut from motives of economy, the local authorities had ordfjred 
that the water should only be examined quarterly. Tlie watc*r 
company had no examination at all, ** except when fresh 
springs were added.*’ 

The analyses of Beptemhor showed, in many cases, no great 
excess of albuminoid ammonia, btit the increase in hardness, 
in phosphate, and particularly in nitrates, proved that tlie 
ammonias had been acted on by the soil. Tiio clilorine was 
not high, a feature denoting fieeal, rather than urinous, con- 
tamination. 

Dr. Adiuns, in his paper at the Boeiety of Analysts, June, 
1B9B, attributes the epidemic to the long drought having 
cracked the loamy clay, so that on the falls of rain whicli 
immediately precedc3d the outbreak, and, as is shown by his 
tables, coincided with the maxima of caMos allowing for the 
period of incubation, the surface ptdiution, from hop-pickerii or 
otherwise, was washed through ilie fissurim into tlm spririgi'i. 
It is well known that typhoid and some other epidumies havii 
usually followed on a dry period succeeded by iudtien riilnii, and 
this may very well be the explanation. He also illustrates and 
explcdns the effect on the ground-water level. Ho considcri 
the ** premonitory diarrhcea/* which in thii as In other caics, 
gave the first warning of danger, to be due to ptomaine 
poisoning by soluble products of the incubated bacteria, 
washed through before the organigms themsiilves hfjtd time 
to be transported. It was pointcMl out that it might also have 
been caused by another bacillus (such ai Kleiri’i JB, enterUidw) 
with a shorter period of incuimticiri. 

In the conclusion of their report tho Conrmlggfoncri olMcirvc 
thfit, “the general order of the Board of 1B91 preicriboi that 
the Medical Officer of Health shall inform htiiiscilf as far m 
may be practicable respecting all inlluijiiceg affecting or 
threatening to affect injuriougly tho public health wtililii his 
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district. . . . Section 7 of the Public Health (Water) Act, 1878, 
imposes upon Eural Sanitary Authorities the duty of taking 
such steps as may be necessary to ascertain the condition of 
the water supply within their district.’* Yet it was stated at 
Maidstone that “ when analyses were made, and the water was 
reported bad, no action was taken,** also that “if the Medical 
Officer of Health visited the springs to take a sample, he was 
trespassing, and taking that which did not belong to him.” 

So that we have, as costly lessons of this disaster — 

1. Protection of gathering grounds, which as far as possible 
should be public property and free from habitations. 

2. Eight of access for inspection and for taking samples. 

8. Analyses at frequent intervals. A partial examination, 
chemical and bacterial, undertaken once a week, is more 
useful than complete analyses at longer periods. 

On October 16th the reservoir, mains and pipes that had 
received Parleigh water were sterilised with chloride of lime 
solution of 1 per cent, strength, the hydrants and house taps 
being left open until the reagent was running freely at the out- 
lets. The disinfection occupied forty-eight hours, and the 
system was then washed out. No corrosion of the pipes was 
observed, and all bacilli, except perhaps anthrax spores, which 
are not in question, would be destroyed. 

The Maidstone Town Council decided to promote Bills to 
compulsorily acquire the undertakings of the water company, 
and also to obtain additional sources of supply, but the scheme 
was rejected by the ^ratepayers. The expense of the epidemic 
is estimated to have been over j618,000. 

King's Lynn , — In 1897 there was a sudden epidemic of 
typhoid in this tovm, with a general distribution of the fever. 
The water was supplied from the Gaywood river, rising from 
springs polluted by foul surroundings. Fffical matters were 
washed into the stream by the heavy rains, while the earthen 
pipes at the intake leaked freely at the joints. These pipes 
were bedded in clay covered by heavily-manured garden mould. 
The “ filter-beds ” were really only straining tanks. The total 
number of cases noted up to the end of 1897 were 461. New 
waterworks are in progress, supplied from deep wells in the 
chalk near Grimstone. 
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Worthing . — Tho official report on tlio outbreak in 1898 stated 
that tho water supply was contaminattid througli a fissure in 
tiio chalk which conveyed eewago niatter to a new well sunk 
shortly before. 1,411 cases occurred. Prof. Kelly considertnl 
that tho water was infected by labourers eni ployed on the works. 
Klein found II coli and tjiphmm in watiT from tho main. With 
tho object of sterilising tho pipes, they ware filled wiili milk of 
lime, which was allowed’ to remain for tlireo or four days and 
then washed out. It has, howisvcr, been proved l^y oxpcjriincntg 
on sewages that lime does not neccmHarily kill the bacteria, but 
merely carries them down, so that if any depOKit were left, they 
might still ro-diffiiso. Chloride oi lime, as used at I^laiilKione, 
is far more efTectual. 

Camlwrne.—Tho first caso was notifletl on December fitli, 
1B97, and during tho month there were eighty other cases, 
besides seventeen in tho adjoining parish of lllogan. The only 
factor in common in thcHc caseK, which are diKiributed over a 
wide area, was that they were all HU|»[»ii«Hl by the Camborne 
Water Company, while no case lias occurred in m-ighbouring 
districts supplied from a different source* P«!ri«sliciil examina- 
tions of the drinking water were ordered to bc! made. 

IS elf an t : Population 350, (KM) .—During 1897 an epidemic of 
typhoid broke out in this city, and reappeared In IBIIH, In one 
week in August, 1H9B, ICK) freiih ciiseii were received into 
hospital. The disease at first attacked only the upper claMKcs. 
The cause of tliis was stated to tie that the better houses were 
provided with cisterns, and tho overflow pipes were frequently 
connected with sowers. The gathering grotnids were exposed 
to contamination, but tho water, as suppllud to ttio people, 
appeared on chemical analysis to be pure. Bacteriological 
oxaminations were made of tlie differiuit ioiirccs, aetlvo dis- 
infection was carried out, and the iiiliabiiiiiitti were initriietedto 
boil all milk and water before uao. It was said cifllcifilly that 
“the apparent want of exclusive aniociatloii witli cither source 
of water supply, and tho fact that there liii« been m prevalence 
of fever for many years, point to an origin from a general 
fouling of the soilf' 

Carnarvon: Population KbCM. —Those wide-spread out- 
breaks naturally led to Invcitigatloiis m to the danger in other 
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districts, since many towns drink water quite as unsafe as 
Maidstone, and only escape fever by mere accident. The 
sources of the Carnarvon water supply having for some years 
been subject to pollution, Dr. S. W. Wheaton reported to the 
Local Government Board on the subject. At the intake from 
the river Gwrfai, 6^ miles above Carnarvon, the water was 
screened through copper gauze, and then flowed directly to 
a reservoir, from which it was issued without filtration to the 
town. The river received the whole of the liquid refuse from 
the village of Bhyd-ddu, of 150 inhabitants, besides the drainage 
from farms of bad sanitary surroundings, situated on a tribu- 
tary. The local authorities of the vicinity had failed to come 
to an arrangement as to a joint system of sewerage. Dr. 
Wheaton doubted greatly whether filtration, as ordinarily 
carried out, would render such water safe, and expressed a 
preference for a new supply from Lake Dywarchen, which was 
not then used for any purpose. 

A severe epidemic of typhoid fever occurred in Philadelphia 
in 1899, there having been 4,880 cases and 490 deaths between 
January 1st and March 24th. This condition is consequent 
upon a defective water supply, and for more than fifteen 
years repeated small outbreaks have given warning of the 
danger. The water supplying the town was drawn from the 
Schuylkill Biver, and was much polluted, unfiltered, and deficient 
in quantity. From the fact that the general death-rate was not 
increased in any notable degree, that children were chiefly 
attacked, and that the incidence of the disease was so unevenly 
distributed, it appeared that the general sanitation was not 
satisfactory, the outbreak being partly due to overcrowding and 
defective drainage. The death-rate from typhoid fever in 
Philadelphia was 60 per 100,000; that of towns supplied by 
pure mountain spring water, e.g.^ Berlin and Munich, is 4; 
and of towns supplied from proper filter-beds, e.y., London and 
the Hague, is 8*3 per 100,000. 

London (see p. 121). — The London County Council, at a 
meeting on October 12th, 1897, agreed to the following refer- 
ence : “ That it be referred to the Public Health and Water 
Committees to inquire and report whether the causes which 
have led to the typhoid fever epidemic at Maidstone have any 
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parallel in the conditions of the London water supply, and 
what steps, if any, should bo taken to prevent the propagation 
of the disease in London.” 

The report was issued in 1899, and was unfavourable to the 
present supplies from tlie Thames. 

Although the typhoid rate in London is undoubtedly low, the 
fever is always present in the area. Hence considerable anxiety 
exists as to the security of the Metropolis against a widespread 
outbreak, especially as the Thames and Lea valleys fumisi! 
constant pollution to the river waters. In times of Hood both 
rivers become turbid, and charged with the filth of all the 
districts drained : then, nothing but eihcient filtration stands 
between London and water-borne disease. And yet, even the 
filtered water of some companies is occasionally turbid. 

Neither the water companies who supply the water, nor 
the Local Government Board who are responsible for its 
analysiH, nor the County Council, which represents those 
who drink it, have control over the river— only the Thames 
Conservancy— which is cliiofly concerned with navigation. The 
County Council have not even the right to send to sc© if the 
filters are clean. Yet there is no city in the world where such 
minute and incessant care is taken daily, and almost hourly, 
to detect and report on the slightest deviation from purity in 
its water supply. Bpecihe tests are often made for the presence 
of pathogenic organisms, besides the daily bacteriological 
examinations of the clear water wells of the com|>anie8. lu 
view, however, of the well-known fact that, in the present state 
of biicteriologieal scifnee, the detection of typhoid bacillus in 
waters whloli liavc caused the disease, has only been effected 
m a very few recorded cases, the statement in the reports of 
the .Local Government Board that “the most minute micro- 
scopic examination of the water as it roaches the intakes of 
the various companies Inw hitherto failed to discover in it a 
single pathogenic organism,” loses much of its prci8um|ttion of 
safety. Morcjovar, litwalii of tli© CM group, at least some of 
which are prfd>aldy pathogiinic, have boon repeatedly found in 
the water Riipplied liy certain companion. When it is obicrvod 
in a repcjrt that, say, ilB per cent, of tho hiwkiria have been 
removed, it Is posiiibte that the 7 per cent. left in may alther 
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Imva passed throtigh the filters, or may reprefierifc a eorreiipoiitl- 
ing percentage of water that has ai-t»ally tmi hi*i*n filtered. 
Borne of tiie companies run all tlodr filtered water iiit«i a 
general rcccptiicifi from whk!h the Hampli»s are taken ffir 
exaniinaiion, ko that a fault of the kind woiihl ho inri^iked by 
im average. The anguillnlie, eycIo|w, iiiftiMoria* and various* 
dihrii whieli have on many occaaitiim been eitraeietl hy the 
microdilter (|j. 2fi| from the piiblic supplies couh! himlly hiwe 
onginatcMl in the nmim, which are dark : they eoyhl not nave 
eacai'ied efikkini filtration, and their preiience retpiireH eic|diyiii» 
tion as throwing su«|>ieion on the efiki*’ncy of the lailiiiiikmcn 
and sand filtnitiorn This process, if eoriductesi with great care* 
undoubtedly olTects an Immense reduction In the miniber of 
organisms (p* 1H7), wliiki the intematy of Irtfeeiitiii ivldeh may 
arise from a well or small supply in practically imiaairdhlii with 
larger volumes like tlie Thames and lata. 

At the same time, Hliirley ,^ftirphy Intii idnavn that an 
alaiormal distrilaition of typhoid in the part of London laipplled 
from til© Thames him foilowttd excepikirnd in tint Thames 
vidlijy, Th# legal power of constant inspection, ul taking 
samples, find of itopplrig a supply %vhen the iirrangements loro 
dcfi'ctiva, is at preiiimt wanting, and yet is urgently needeil. 
The powers ami iirocedtire would he idinilar if> those at present 
in use under the Ffsid and Drugs Acts. I'Uam wdtii all precau» 
tiorw, however, a|«irt from the ipiestioii of a fiiitiro deficiency 
in the aiiiourit of %vater owdng to the olcierved |irogrifi«dvii 
shrinking of tliii Thames, London cafinot Iw eonwklered wnmm 
while drawing from polluted rivers, ** Chir only real aiiltity lies 
in Mekfcting ii |tur« sw|»ply» and in keeping it p, Pill|. 

In December, IBIW, linfavoiirabki rii|airts wiirii hiiitnid by 
Mr, cm the water supplied by noiiifi West Kml Istiifirin 

companies. Sir U, Fmnkbm4 hml rejsirted llifil **ciwiiig to 
heavy flcicak and insulleknt iterage, tliti water annl out by nil 
the water €aiii|miiies, €fX©e|4 the West Mlildksex, contidncfl an 
excew of orgiinio tntitter, which was, iiciwover, almwit cnyrrly 
of vogcitiibki origin/' Crmkm lunl Ihiww'a ollkfiiiJ armlyik 
foiiiicl tliat tlifi •‘oMygeirt oonaiimed " figures %Vf?r« lor thii 
aranci Juiiclioti €tiiii|mny fi'Oll gm. |wir gallon, iwid for th« 
Chcliaii whemm ia B^pUmlmr they liiid kwm CI‘CI2S ; in 
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increaeo in Pocombor of about three times. Dr. Corfield remarked 
that thiH impnrity during winter is constant, and that enteric 
fever at tlio same period was unusually prevalent and fatal in 
London. 

The examplcB are numerous of local epidemics being caused 

(1) J)uref/ard of regulatiom or warning $ agaimt ming 

crude waitr.—Two instancoB may bo cited. At the Chicago 
Exhibition of the employees, numbering 15,000, used 

water Hterilised at 100'* 0. l>y an ordinary feed heater. No 
diarrh(»al troubles were rc|)orted. Hut on a few occasions 
when for a Khort time unsteriliscd water was used, intestinal 
troubles and even typhoid fever resulted. In Beptembor, 1897, 
a locali/.ed outbreak of typhoid occurred at Hamburg. It was 
traced l)y the medical board to the drinking of raw river water 
from the harbour, notwithstanding the frequent notice boards 
cautioning against its mo, 

(2) The accidental breakdown of plant (p. 182). 

(B) Confamirmtum m tramit. — Ikmidim the examples of 
leakage which have Imm deHcril>ed (p. 1B6), convictions have 
been repeatedly ol»tained ff)r bathing in public aqueducts, 
notsibly in EaHt London in 1H9B. 

The first lonl tlnrtl ciitnam are common to all systems, but the 
second in the prfctiliar u’cmlnums of nudhodH atktiiq^ting to 
purify |iolliitc;d waitfrii, which therefore, even with the best appli- 
ances, dciniirid coritlnnal wateliing and idTectivi! scientific control. 

At a meeting of the Sanitary Institute in llarch, 1898, after 
a paper on ** Water-borne Tyjdtaid,” by Dr. C, ('liildK, the 
follow! ngresoliiticiiw wiirci piwsed m suggestions for IiigiHlation 

(1) All lociil minltiiry aiiiliorities ahall have freo Mcess to 
the water from sourcii to distribntian—whicli are 

iistributecl within thiiir distric.tg, whetlH?r the «mirce and course 
fif the water sii fitipplled hii within their district or not. That 
the sanitary iiutiioriticg provithi for the thorough iiitd rcgiilnr 
in8pccti«m of ilic water iiip|ilk*« dintribiikd within ihcdrclIstrictM, 
and for tint rt^giilur iiiialysis of mmh %vater, nn often m iiiay bci 
dtamicid Hiilliciciit, iiiid timt thii re^iiltM of hwcIi Inspccllotis mid 
finalysci ihall be regtiliirly recorded and publiHhial, 
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(2) Thati thci waterwurkn roinjmriii'H and puUli; h 

rncorclH of their water mipplian; jaudi remmln e»iniHinini,t a frdi 
aeeount of every Bonree and triinitnry of the waior tntpjdy, end 
a full account of all reniu-voir^, eninhiif h, fllierdH*tif4, main i, innl 
pipes by which the water whieh they ntippiy in indh-rteihefureil, 
or conveyed, to the liOUHCs supplied; uneli r«*e«»rdM ah^-o beinp 
fully illustrated hy nmpa, plana, and ni’ctiniin, niHavini' SJo* 
relation of all hotiseH, clrnin’U newern, ceiinpitH, and idl depuHiin 
of organic refuHc in the iniinediate tiinghhourhond uf any part 
of the water BUpplied by ilnun, and that all imeli r«‘Cf»rdn, inapH, 
plans, Hcctions, nhall be fr«‘ely aceeHaible b»r the |»nrp*»:a- id 
iunpection to the Baniiary authority within who*»e ditiiuci iho 
water m supplied, lual to every eiuntoiner of the waierwfirka 
company. 

(il) That the waterworks eoinpani«%a ulndl lat reipurtMl in make 
regular constant and thorough iiiHperlton of idl parta of tin* 
water supplied by tbem-- frtun 5»onrr»* to dininii*iti«'»n Hath n 
vi<‘W to prevtuiiing wilful, careleim, or aceidentid pollution ; alwi 
to mak«j regular auidyKea <d the water euppln-d by them, i«i 
oftr?n a« may bo considered neeei.iau'y ; ami to make inul |aibtif4» 
rijports of lill suds inspection'^- smd niiidyee^i. 

(4) That waterworks cfinit^anieM idiall be made reiiptiisidble 
f(»r thii consia|Uerief‘S of tint pollutioji of water au|iphe«l by 
thfun, if such pollution eoiild reaiainably havi* been preveiiteih 
f*1) That wilful or careieHs |K»lluMoii *4 any %valer iai|iply 
hball be regardf'd and tr»*al**d an a pfUiid tillei.re, 

(f5) That authorities, re|iriaienlay%‘0 of the iiiterf^sia eon.. 
<a::?riicd, be appointed for eswdi *vat<a'a|ied at the kingikuii, wh*i 
shall havcf the grisend care smd supeiHidoii of fie* ivalers williiii 
each respective watershed ; liludl take proin|4 meiUiure-i |o 
prevent any ilirealeiictl polliiiioii, lunl to arrest any detrtd*er| 
polliiticui of any water ; and i»ball \m respeuitdble for the diiii 
liticl cdTeclive iplmiiii:Hiration f4 the hiws respeeiitig the protection 
of wiiti?r wdthiti their diidriciii, 

fii sciVft!rid Wilber lhll« nwiustly introduced, dai.ise« luiilioilying 
srunc t.*f tliimii resol uii? ins have Iwaut inaertis], and rieiv iviiler 
powers will probalily not be granted In this cfumiry witlioul 
shnllrir protecitlon bilng Ingidkiab 
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ORDER OF THE ROOKS AND OHARAGTERISTIGS OF WATERS DERIVED FROM THEM. 



►ccur only in the Liondon ±sasin. Water oiten aDiinaant ana 
soft, but wells liable to great fluctuations and to surface 
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